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ABSTRACT

A computerized Tidal Current Model for Long Island Sound and San Francisco Bay has been developed by

the Coast Guard Oceanographic Unit. The model is a digitized version of the National Ocean Survey's

Tidal Current Tables and the Tidal Current Charts for Long Island Sound and Block Island Sound and

San Francisco Bay. Test were conducted to verify the accuracy of these sources of Tidal Current informa-

tion using a drift pole survey of surface currents for Long Island Sound published by the Coast and Geodetic

Survey and The Army Corp of Engineers Hydraulic Model Bay and Delta Model for San Francisco. The

Long Island Sound test showed complete agreement between the model and observations 83.2% of the

time, and 100% agreement at 40% of the positions tested. The San Francisco Bay test showed under predic-

tion of speeds by 0.5 to 1.0 knots in 3 of 4 regions and over prediction by 0.6 knots in the 4th region.

The predicted directions were deflected to the right of the oberved directions 75% of the time by 49.15 -

66.110 . These comparisons indicate that the data for Long Island Sound is reliable and that for San

Francisco Bay should be used with caution.
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INTRODUCTION

An automated system for providing tidal current information for Long Island Sound and San Francisco

Bay has been developed for use in the Coast Guard's Search and Rescue (SAR) planning and in Marine

Environmental Protection (MEP) such as forecasting pollutant drift. The system is a digitized version of

the National Ocean Survey's tidal current charts for Long Island Sound and San Francisco Bay. The new

system is an updated version of the original system developed by Morgan et al. (1974) for Long Island

Sound with San Francisco Bay added. The objectives of these systems is to provide tidal current informa-

tion for use with the Computer Assisted Search Planning (CASP) in a timely manner. The current values

generated are the tidal currents and estuarine flow. They do not include currents generated by any other

environmental parameters.

Long Island Sound is classified by Swanson (1975) as having a semidiurnal tide with a slight diurnal

inequality. The inequality in the range is reflected in the magnitude of the ebb and flood tide currents. In

San Francisco Bay there is also a diurnal inequality which is more pronounced than it is in Long Island

Sound. This makes for a greater variation in the magnitude of the ebb and flood tides occurring during a

single tidal day, 24 hours and 50 minutes. That is to say the flood tides in a given day may have significantly

different magnitudes. The same, of course, is true of the ebb tides. This inequality is produced primarily by

the lunar declination and is independent of whether the moon is north or south of the equator. The diurnal

inequality has a maximum magnitude at approximately 14 _days intervals (Defant 1961 and Disney et al.

1925). This diurnal inequality in the magnitude of tidal currents makes long term drift forecasting a very

tedious process. It is necessary to update drift forecast positions at intervals of one hour or less and to make

multiple runs of the tidal current program to obtain the correct tidal vectors.

The average period for the flood tide in Long Island Sound is 5.9 hours and the average period for the ebb

is 6.6 hours based on the month of January 1975. By dividing the flood tide into six equal periods and the
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ebb into seven equal periods, a total of thirteen tidal hours of approximately equal length can be produced.

These tidal hours are 0.98 and 0.94 solar hours in length for the flood and ebb respectively. As a result the

time steps may be treated as equivalent to solar hours.

The flood tide in San Francisco Bay is longer than the ebb tide, 6.71 hours versus 5.71 hours (Disney

1925). Even with this inequality of ebb to flood time the tidal sequences are divided into equal intervals for

both sequences. These tidal hours are roughly equilavent to solar hours being 1.12 hours for flood and 0.95

hours for ebb.

SYSTEM DESCRIPTION

The tidal currents are obtained from the National Ocean Survey tidal current charts: San Francisco Bay

6th edition 1973 and Long Island Sound and Block Island Sound 6th edition 1977. These charts are based

on direct current measurements with Roberts Current Meters and Richardson Current Meters (Hicks, 1967).

The horizontal distribution of the current vectors in these charts is too random to permit the needed pre-

cision required in Coast Guard SAR and MEP applications. To overcome this weakness current values were

interpolated between known values and a more complete array developed.

The resultant current vector arrays have a horizontal resolution of 2 x 2 nmi. This is 2' of latitude by 3'

of longitude in Long Island Sound and 2' of latitude by 2.5' of longitude in most of San Francisco Bay and

San Pablo Bay. In the approaches to the Golden Gate and the parts of the Bay near Angel Island, Treasure

Island. Yerba Buena Island and Alcatraz Island the horizontal resolution is 1 x 1 nmi or 1' of latitude by

1. 25' of -longitude.

To use the models an operator needs certain parameters which are used by the computer model to

calculate the tidal currents. These input parameters are the local date, time and position. The position is

given to the nearest minute for Long Island Sound and the nearest 0.25 minute for San Francisco Bay. The

output of the program is the tidal current speed and direction in degrees true and knots plus the tidal cur-
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rents at the reference station for the date of occurrence. The Long Island Sound currents are referenced to

the Race and the San Francisco Bay currents are referenced to the Golden Gate.

The computer program LITSF, which is used to generate the tidal currents, is a computerized version

of (a) the annual Tidal Current Tables published by the National Ocean Survey for the East and West coast

and (b) the Tidal Current Charts, also published by the National Ocean Survey. The main part of the pro-

gram is the National Ocean Survey's Tidal Current Prediction Program which is used to generate the tidal

current information in (a). The Tidal Current Charts have been digitized and stored on a disk file in the

computer's memory. These files are accessed by a subroutine, SLACK, in the program.

When a date, time, and position of occurrence is fed into the compute, the program uses the date to

calculate the tidal current information for the reference station in the Tidal Current Tables. This informa-

tion is then used by the subroutine SLACK to generate the correct tidal current for the time and place of

occurrence. In short the computer is doing the ;ame steps as a man using the two references above in genera.

ting a tidal current vector.

A listing of the program, digitized tidal current charts and an explanation of how the charts are digitized

are included in Appendix IM.
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SPECIAL FEATURES OF LONG ISLAND SOUND

The tides in Long Island Sound are co-oscillating tides displaying a mixture of standing wave and pro-

gressive wave characteristics. The loss of energy due to bottom friction is such that only a partial reflection

of the tidal wave occurs. This is most clearly seen in Long Island Sound in the increased amplitude of the

western end of the sound. The primary tidal current and tidal waves enter the eastern end of Long Island

Sound through the Race. The tide belatedly enters the Sound from the west by way of New York's Hell

Gate. This tends to dampen the flood and ebb currents in the western end of the Sound. As the tide enters

Long Island Sound through the Race frictional forces retard its propagation through the area. There are

very strong currents in the area of the Race reaching speeds as great as 5.3 knots (272.8 cm/s) during ebb and

4.3 knots (221.3 cm/s) during flood. High water requires an hour to travel or extend from Montauk Point to

the Race and three and a half hours to extend into the relatively small Peconic Bays to the south of the

Race. The lag from Montauk Point to Throgs Neck is three hours. As a result the flood current begins at the

eastern end of the sound and moves progressively westward. The currents at any given point in the Sound

reach their maximum midway between slack water times.

The high current speeds in the region of the Race require frequent updating of the position of the drift

object to obtain the most accurate tidal current information. For example, a 4.3 knot (215 cm/see) current

will carry a drifting object form one 2 x 2 nmi grid square through a second and into a third in one hour.

Therefore, it is necessary to put in a corrected position at thirty minute intervals to insure use of the correct

tidal current vector in forecasting the drift of an object.

Another area of interest in SAR/MEP planning is on the south side of Long Island Sound between North-

port, 73*20'W and Stony Brook, 730 10'W. In this area there occurs a counter current during most of the

flood tide. This counter current flows eastward with speeds of up to 0.5 knots (25.5 cm/s). There is a weak

extension of this counter current as far east as Port Jefferson, 73003'W during the latter stages of the flood
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tide. A similar westward flowing counter current forms (luring ebb tide in the same area. Great care should

be taken in establishing the start position for drift forecasting in these areas. If the position is not known

with certainty, then alternate start positions should be considered.
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VERIFICATION OF THE LONG ISLAND SOUND PROGRAM

The assumption upon which the LITSF program is based is that current vectors obtained from Roberts

Current Meters at depths of 10 to 15 m may be used for surface tidal currents. To test the validity of

this assumption, the tidal current vectors in the LITSF program for Long Island Sound are compared with

surface tidal current vectors obtained by, a current pole survey in Long Island Sound (La Lacheur

and Sammons 1932). The current poles were 15 ft. (4.6 m) long and weighted at one end so that they

floated vertically with 1 ft. (0.3 m) sticking out of the wate,. The pole is allowed to drift for a time

with a line attached to the upper end. The length of line which pays out is taken as equal to the distance the

pole had drifted. This is divided by the drift time to determine the speed. The direction is determined by

observation from the survey ship. This method gives a vertically integrated measure of the upper 4.3 m

?auer current, both tidal and estuarine flow.

The accuracy of the direction of drift observation made with current poles is estimated to be ± 200 and

the accuracy, in magnitude to be no better than ± 0.2 knots (10 cm/sec). The Roberts Current Meters

have a ±10 cm/sec accuracy in magnitude (Hicks 1967). Agreement between the two measurements is

defined as occurring whenever the error bars overlap. That is to say, whenever the direction is within 300 the

precision of the measurements does not allow us to identify any real difference. Similarly whenever the

speeds were within ±0.4 knots (20 cm/sec) it was not possible to identify any significant difference in the

magnitude of the current. Ten stations were selected for examination. They were selected as areas where

one might expect the tidal current program to give poor results. As a result the test sample is not a random

sample and should in fact give a worst case evaluation of Long Island Sound. The surface currents

recorded by La Lacher and Sammons (1932) are average currents for a one year period. They are compared

to the ycarly averages of the currents in the Long Island Sound Program.

Station 1. At Throgs Neck, 410 54'N, 73%~0'W, the speed and direction values were in agreement 1000% of
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the time. A graphical representation of the magnitudes and directions is given in Figure 1 of this section.

Station 2. This station is located at 40056'N, 73 027VW is midway between the northern and southern

shores at the western end of the Sound. The speed of the current and the direction of the LITSF program

agree with the test observations 100% of the time.

Station 3. This station is located on the southern shore at 40*58'N, 73 906'W. This station is in the area

where a back flow was predicted in the LITSF program. The surface observations also show evidence of the

back flow. At station 3, however, the observed flood is one hour longer than the flood tide predicted by

the LITSF program, and the ebb is one hour shorter. This produces significant differences in the direction

for a period equal to 1/4 of the tidal cycle. If the directions are disregarded, then the magnitude agrees to

the precision of the observations. This back flow appears to be the result of bottom and/or sidewall inter-

action with the flow. It varies with depth and very probably varies significantly in the horizontal as well.

Station 4. This station is located on the southern shore at 41P56'N, 72 9t5'W. At this station there is also

a back flow in the surface, but it is different from that at station 3. That is, the observed surface flood

tide is six hours long and the observed ebb is seven hours long. The LITSF program flood is 7 hours long

and the ebb is six hours long. As with the observations at station 3 this back flow and temporal variation

is probably due to boundary layer effects. The errors in the LITSF program could only be corrected by a

detailed current meter project in the area. The magnitude of the currents is in agreement 85% of the time at

this station, and if the currents are averaged over the entire tidal cycle they agree to the precision of the

measurements. The observed currents are twice as large of the LITSF program currents for 15% of the time,

one hour during each ebb tide.

Station 5. This station, located at 41'08'N,72*45W is near the geographical center of Long Island Sound.

The magnitude of the observed surface currents and the LITSF program currents are in agreement 100% of

the time to the precision of the measurements. There is not, however, a similar agreement in the direction.
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The LITSF program currents are 300 to the right of the observed surface currents during the flood tide and

3r to the left during the ebb tide. That is, the LITSF currents were northwest and northeast of the obser-

ved surface currents. This was the worst case for directional agreement and the only one with complete

disagreement.

Station 6. The observed surface currents and the LITSF currents at this station, 41 14'N, 72°42'W,

agreed in both magnitude and direction 100% of the time.

Station 7. This station is off the mouth of the Connecticut River at 41°16'N, 72°21'W. Tile directions

agree within the precision of the measurements. The direct observations of the surface currents, however.

show that on the surface the current begins to ebb about one hour before it does at the mid-level depth of

the current meter used to generate the tidal currents for the LITSF program. Such vertical variations are

not uncommon in river channels and at the mouths of rivers. The directions agree to the precision of the

measurement, except for the last hour of flood.

Station 8. This station is located midway between the northern and southern shores at the eastern end of

Long Island Sound at 41004'N, 720 15'W. The observed surface currents and the LITSF program currents

agree in magnitude and direction I00%/ of the time.

Station 9. This station is on the Connecticut shore just west of the mouth of the Themes River

at 4f 16'N, 7206'W. The LITSF program currents agree in direction 85% of the tidal cycle. The magnitude

agrees with surface observations throughout the flood tide, but on the ebb tide the LITSF program currents

are 180% of the observed values. This overestimation lasts for three hours or approximately 23% of the total

tidal cycle. As in the case of station 7 these changes are primarily due to the effects of the river outflow.

Station 10. Station 10 is at the Race, 410 14'N, 72°03'W. The LITSF program currents agreed in direction

92/6 of the tidal cycle when compared with surface observations. The LITSF program currents were faster.

11O0%, than the observed values during the flood. During the ebb currents, the LITSF program currents
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were 90% of the observed surface currents. The differences amounted to a half a knot in absolute values

on the average.

DISCUSSION

Although this test was designed to give a worst case view of the LITSF program, it showed that complete

agreement in speed and direction was observed 83.2% of the time. At 40% of the stations the agreement was

100% of the time. Only one station was off for the entire tidal cycle. That station was 300 off in direction

for the entire tidal cycle. Disagreement appears to occur most often near the coast and/or near river mouths.

In both cases, the influence of the bottom topography and variable river flow are large. The bottom topo-

graphic features such as sand bars are also subject to a relatively slow variation with time. This makes

correcting the model for such influences a very difficult process and one of limited value. Because both the

LITSF values and the current pole survey are direct current observations, the differences are to some extent

a measure of the natural variability in the currents.

CONCLUSIONS

The use of mid level current observations to infer surface currents is apparently a valid assumption. It

is recommended that the currents from the National Ocean Survey Tidal Current Charts for Long Island

Sound be used.
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Figure lb. The directions are given in degrees true
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SPECIAL FEATURES OF SAN FRANCISCO BAY

Although San Francisco Bay is an extensive embayment, it possesses only one entrance located at the

Golden Gate region (Figure 2). In addition to this restricted entrance, the bay can be divided into two

distinct tidal regimes; a standing and a progressive tidal wave. The Golden Gate and Southern Bay region,

contain a tidal scheme similar to a standing wave, as evidenced by simultaneous changes in the tide through-

out the area (Disney et. al. 1925). The northern bay region and San Pablo Bay exhibit a progressive wave

phenomenon. This occurance shows up as a progresively later flood or ebb current as one moves north to

San Pablo Bay. The time of occurance of these currents also lags the southern regions' current changes.

In the San Francisco Bay system, friction is the most significant factor modifying the tidal currents.

This shows up vividly in the Golden Gate area (bounded by (1) 370 48'N - 1220 22.5'W (2) 37050'N

122 032.5'W (3) 37048'N 1220.- 32.3'W and (4) 37050'N - 122t 22.5'W) as a very pronounced horizontal

current variability. This variability presents itself as a set of eddies formed by lateral friction on the northern

and southern shores near the western approach to Golden Gate. These eddies produce near shore counter

* currents on both the ebb and flood tides. As a result, a drifting object near shore and just seaward of the

Golden Gate Bridge may travel westward on a flood tide or into the bay on an ebb tide. This feature makes

* it extremely important to know the initial position and start time for any SAR case when predicting a drift

path.

The duration of flood and ebb tides as well as the magnitude of the currents is also found to be variable

within the bay. The flood to ebb duration was found by Disney (1925) to be 6.71 hours to 5.71 hours

(1. 18: 1). This ratio persists throughout most of San Francisco Bay with the exception of San Pablo BayI

where the influence of river run off causes a revised ratio. Also, in the northern portion of the Bay and San

Pablo Bay, the initial flood current is sub-surface wand moves vertically to the surface, while the ebb exhibits

the reverse (Disney 1925). The magnitude of the currents through the Bay at times exceeds 2 knots
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(102.1 cm/sec). In an area of great horizontal variability, they may be as high as 4 knots (204 cm/sec.

To model the San Francisco Bay current fields with the above noted variability, a flexiable grid

pattern and set time interval were selected. In areas of high current variability, a small grid square (1x 1

nautical miles) was utilized, while a larger grid ( 2 x 2 nautical miles) was set up in the rest of the

Bay (Figure 3). Even with the noted inequality of the ebb to flood time, the tidal sequence was divided into

equal time intervals. These modeled tidal hours are equivalent to solar hours set at 1. 12 hours for the flood

and 0.95 hours for ebb. These parameters of grid size and time interval, do however, require that in drift

studies the calculated tidal current vector be updated on an hourly basis or less if in an area of high currents.
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VERIFICATION OF THE SAN FRANCISCO BAY PROGRAM

To establish the validity of the total current vectors calculated by the San Francisco Bay computer

program, comparisons between calculated and measured values were made at fifty one stations in tne Bay

(Figure 3a and 3b). The measured current values were obtained from the hydraulic tests run on the U.S.

Army Corps of Engineers, San Francisco Bay Delta Model, Sausulito, California. These tests were run in May

1978 during a simulation of the 1977 Delta dynamics involving a net river flow (Sacramento and

San Joaquin Rivers) of 4700 cubic feet per second (133.09 m /sec), an ocean salinity of 33.00oo andl a 19

year mean tidal curve as the repetitive forcing function near the mouth of San Francisco Bay. The com-

puterized tidal current vectors utilized in the verification were calculated for three, twenty four hour time

periods at the fifty one sampling stations. The time periods were selected so that the computer generated

currents would be in two catagories: (1) a set in which the tidal height curve near the mouth of the Bay

approached the 19 year mean and (2) a set in which the tidal current curve near the mouth of the Bay

approached the Delta Model Tidal Current values measured at the Golden Gate Bridge. The first set was

obtained from two time periods; 10-11 March and 14-15 May 1977 (Figures 4 and 5) and the second was

matched with a period during 16-17 October 1977 (Figure 6).

COMPARATIVE METHOD

The degree of agreement between the observed and calculated tidal currents at the sampling stations was

analyzed using portions of the Student-t formula (equation 1, Peterson, 1973) and an hourly comparison

of the speed and direction values. Normally, the calculation of the Student-t values for a paired data set

would involve the construction of a hypothesis test to determine the probability that the sample means

differed by some set value (in this study the value was set at zero in equation 1). However, this course of

evaluation would have been inconclusive, because even through the difference in the means approaches
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The standard deviation (B) was then used to calculate the standard error:

C [B] (2)

where:

I + Ithe adjustment value required when using the standard deviation in the calculations.
J7 n +nA

(B) =the standard deviation from equation 1

(C) =the standard error.

The non statistical methodology utilized in the hourly comparisons, consisted of determining the number

of times per complete tidal cycle that the computer model's speed or direction values were higher/lower

or left/right of the hydraulic model values. These values were then computed as a percentage and a mean

value for all catagories.

Once all station values both statistical and general, were calculated, these were grouped into four geo-

graphical areas (Table 1a; and Figure 2) and a quantitative set of values was determined for the region (Table

1b). The regional set of values consisted of: (1) a mean difference range; (2) the standard error range:,

(3) percentage range of computer values, high or low, left or right of the hydraulic model; (4) mean per-

centage of occurrences high/low, or left/right of the hydraulic model and (5) mean value for occurrance

high/low or left/right of hydraulic model.

TABLE la
Geographical grouping of sampling stations in San Francisco Bay for analysis

STATIONS BOUNDARIES GENERAL DESCRIPTION

01-09 37.780 to 37.8TN Entrance to San Francisco
Bay

122.500 to 122.339W

10.19 37.800 to 37.89 N Area surrounding Yerba Beuna
122.30 to 122.42VW Islands
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zero, the shapes of the two curves could be completely different. Therefore, the Student's-t formula

(equation 1) was used only to determine a mean difference and a standard error for each set of paired station

data. The above noted values for each set of paired station data were determined using the Student's-t

statistics evaluation program (comparison of population means) as contained in the library programs of

Texas Instruments TI 58/59 programmable calculator (Applied Statistics, 1977). The program involved the

use of the bivariate data entry program and a two sample test to calculate the individualized student-t values

of each station, the difference of the means and then the standard deviation, which was adjusted to be the

standard error. The equations utilized by this TI 58/59 program, as stated by Perterson (1973) are:

J.+gLV t - N (1)l

where: 8
T. -- Student-t value with nI + n1 -2 degrees of freedom

OR 1 24 hour means for the computer generated currents/direction

24 hour mean for the hydraulic model currents/direction

Ad = hypothetical mean difference value; set at zero

N o number of computer model observations

% = number of hydraulic model observations

and n, = n

standard deviation

difference between the means
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STATIONS BOUNDARIES GENERAL DESCRIPTION

20-37 37.830 to 38.06*N Northeastern San Francisco
122.48 0 t 122.29VW Bay and San Pablo Bay

38-52 37.50 0 t 37.70*N Southern San Francisco Bay
122.35 0 to 122.13VW

RESULTS

The statistical and general analysis values (Table 2 ) show that the two models differ significantly in the

magnitude and direction of the tidal current vectors each produce. The range in the speed and direction

mean differences were found to be approximately equal for the months of March and May for speed and

all three months for direction, but they differed in magnitude region by region. The observed speed ranges

were (largest to smallest range):

TABLE 2
Statistical and general analysis values for the four regions of Figure 2

REGION MONTHS VALUE RANGE IN KNOTS

I All -.82 to .87

IIIMarch and May -.28 to .37

All -.33 to .41

UMarch and May -- 15to .51

All -.65 to .64

IV March and May -. 15 to .314

All -.76 to .32

The relative size of the overall range in the mean direction differences did not coincide with the speed

distribution. Rather, the distributions from, the largest to the smallest were:
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TABLE 3

Variations in direction in the four regions of Figure 2

REGION MONTHS VALUE RANGE IN DEGREES

III All -32.78 to 110.03

IV March and May -61.29 to 13.84

All -61.29 to 47.30

II All -74. 11 to 11.94

1 All -56.50 to -2.70

To further expand how significant the mean difference values are, an examination of the overall range in

the standard error is necessary. This gives some indication as to the agreement between a set of curve shapes

and to the overall agreement between the two models. Examining the regions for speed, the greatest to the

least range in standard error are:

TABLE 4

Variations of magnitude in the four regions of Figure 2

REGION RANGE IN KNOTS

1I 0.06 to 1.67

IV 0. 14 to 1.02

1 0.10 to 0.95

111 0.09 to 0.83

The sequence of the standard error range for direction varied from the speed distributions as follows:

TABLE 5
The standard error range for direction in the four regions of Figure 2

REGION RANGE IN DEGREES

1 17.60 to 45.20

Hm 19.55 to 46.69

IV 6.73 to 28.79
25
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Even though these values appear to be small in magnitude, overall 0.09 to 1.02 knots (4.6 to 52.0

cm/sec) for speed and 6.730 to 46.690 for direction, they indicate that a significant disagreement in curve

shapes or values exists. To more clearly determine how large the disagreement is between the computerized

and the hydraulic model, the curve values were compared on an hour by hour basis. The results of Tables 4

and 5; are further sunmnerized below as an overall percentage of occurrence and a mean value for a specific

region to give a clearer picture of agreement/disagreement. These values were found to be:

TABLE 6
Percentage of high and low magnitude values relative to the mean

SPEED (KNOTS)

REGION HIGH % OF OCCURRANCE VALUE LOW % OF OCCURRANCE VALUE

I 48.33 0.91 51.67 -1.01

11 40.30 0.38 59.70 -0.56

111 55.00 0.60 45.00 -0.71

IV 48.33 0.50 51.67 -0.54

Percentage of left and right occurence relative to the mean
DIRECTION

REGION RIGHT % OF OCCURRANCE VALUE LEFT % OF OCCURRANCE VALUE

I 77.67 62.23 22.33 -63.11

H 76.33 66.11 23.67 -71.05

I1 75.33 49.15 24.67 -75.81

IV 89.33 46.89 10.67 -71.21

It can be seen that speed is under predicted in Regions I, I, and IV over 50% of the time by 0.5 to 1.0

knots (25.5 to 51.479 cm/ec) and over predicted in Region III over 50% of the time by 0.6 knots (30.6

cm/sec). Where as, direction is predicted high or to the right of the observed values over 75% of the time by
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values ranging from 49.150to 66.110. The speed curves show that the absolute value of the current

magnitudes varied from .06 knots to 3.38 knots (3.1 to 172.4 cm/sec). Thus the predicted difference

was high 18 to 100% depending on the magnitude of current vector. Since direction is not an increasing

magnitude, the sector of agreement/disagreement ranged from 118.100 to 137.16' in width, which far out

ways any usefulness.
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DISCUSSION

The development of the computerized San Francisco Bay tidal current model was an attempt to create a

quick access reference of the tidal current at any point or time in the Bay for application to Search and

Rescue drift programs. The statistical and general comparisons of the tidal data produced by the model

to the hydraulic model of the Army Corps of Engineers was an attempt to determine if the two data bases

were comparable. The Bay hydraulic model was utilized as a reference source to simplify data collection

(no ship time or current meters required) and analysis by eliminating any wind drift vectors produced in

real world sampling.

The San Francisco Bay Hydraulic Model is driven by a repetitive 19 year mean tidal forcing function at

the ocean entrance and comes to equilibrium throughout the Bay after spin-up. This allows for repetitive

sampling of data curves, but does not match real world conditions since the real ocean entrance tidal curve

is continually being modified by tidal constituents. To over come part of this problem, the ocean entrance

curves were matched for tidal height (March and May) and tidal current speeds (October) and the assumption

made that all other geographic locations may approach agreement. However, as seen by Table lb, this

was not the case. This can be seen in the large speed and direction disagreements. Another reason for this

nonagreement is felt to be due to the fact that the computerized tidal current charts are based on a 1954

tidal current survey by the National Ocean Survey. Therefore, comparisons of a 1954 survey to 1977 tidal

conditions, as modeled by the hydraulic model, should show disagreement. NOS is in the process of resur-

veying the Bay and plans for completion of field work in 1980.
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CONCLUSIONS

The comparison between the data sets of the computerized tidal current model and the hydraulic San

Francisco Bay Model revealed that a significant disagreement in speed and direction exists. It is recorp-

mended that the National Ocean Survey tidal current chart data be used with caution. The disaretmcnt

in the tidal current speed was found to be best represented by the hour by hour analysis, which showed

the computer model underpredicting speeds and overpredicting direction. The speed values were under-

predicted in magnitude in Regions I, 11 and IV over 50% of the time by from 0.5 to 1.0 knots (25.5 to

51.0 cm/sec) and overpredicted in Region II over 50% of the time by 0.6 knots (30.6 cm/sec). The under-

prediction of speed was found to be approximately 18% to 1000% of the magnitude of a current generated

by the San Francisco Bay hydraulic model, another indication of significant disagreement. The direction

values were predicted high or to the right of an observed value over 75% of the time for all regions by a value

between 49.150 to 66.110 . The Coast Guard Oceanographic Unit is planning a field test of the accurac%

and utility of the Army Corp of Engineers Hydraulic Model and the National Ocean Survey Tidal Curreni

Charts as sources of tidal current information. Should this field test show the Hydraulic Model to he a

superior source of tidal current data a new set of tidal current charts will be generated based on it.
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APPENDIX I

INSTRUCTIONS FOR RUNNING THE PROGRAM

The program LITSF and the current velocity by position grid are generally stored on disk. The following

program is required to obtain the tidal current information from the tidal current program for Long Island

Sound (See listing at the end of this section).

The first six cards are called the job control cards, utilized by the Coast Guard's CDC 3300 computer.

They will remain unchanged for every job run.

Card LITS 1 is the station name and meridian card. It is always the same for Long Island Sound.

Card LITS 2 contains the permanent current indexing parameters and directions for Long Island Sound.

These are entered in the following format: Columns. 1-6 Permanent current (PERMC) 3 decimals, Col-

umns 7-8 INDI. Columns 9-10 IND2, Columns 11-12 IND3, Columns 13-14 IND4, Columns 15-16 IND5,

Columns 17-18 IND6, Columns 19-22 Flood Direction (NFDIR), Columns 23-26 Ebb Direction (NEDIR).

The function of each of the indexing parameters is given in Table 1 at the end of this section. Normally

these indexing parameters are never changed.

Cards LITS 3-8 are the station constants which determine the amplitude and phase lag for the reference

station. These constants are supplied by the National Ocean Survey Production Division and need not be

changed. The constitutents are entered in the following format: Columns 1-4 station number, Columns 5-8

station card sequence number, Colums. 9-13 constituent amplitude (3 decimal places), Columns. 14-17

constituent epoch (1 decimal place), Columns 18-71 repitition of Columns 9-17.

Cards LITS 9-23 are the year constant cards. The format is given by Morgan, et al. 1975 is as follow:

"Columns 1-4 year-example = 1979, Columns 5-6 year type identifer = 0 for a common year, = 1 for a leap

year, Columns 7-8 year card sequence number, Columns 9-12 Node factor (f) for the first constituent,

Columns 13-16 Greenwich V + u for the first constituent (Oh, Jan. 1), Columns 17-72 repititions of columns
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9-16. Each vear the node factor (f) and equilibrium argument (V + u) must be added for the following

twenty six constants: M2 ,S 2 ,N2 ,K1 ,N1 ,OM ,M6 ,(MK) 3,S4 ,(MN) 4 , V2,S 6,A4(2N) 2 ,(00)1 , ,5 i,J , ,Mm,

Ssa.Sa, MSfMf, p ,Q, .T 2 ,112 ,(2Q) IP ,(2SM)2,M 3 ,L 2,(2MK) 3,Ms and (MS)4 ." These constituents are

found in (Schureman 1958).

Card LITS 24 is the Date Control Card which is the first card which the user must supply. This card

is to have the following format: Columns 1-2 month number, Columns 3-4 beginning day, Colums 5-6

ending da., Columns 7-72 repetition of the above as needed. The maximum period for a single calculation

is 32 days. If the desired time periods are not consecutive, use individual date control cards in separate

computer runs.

Card 25 is the Termination Control Card. This card determines if the tides will be calculated for one or

more than one reference station or time. It has the following format: Columns 1-4 (MS) = 0. The new

problem is for the same station; = 1. The new problem is for a different station. Columns 5-8 (MY) = 0. The

new problem is for the same year; = 1. The new problem is for a different year, Columns 9-12 (MD) = 0.

The new problem is for the same day; = 1. The new problem is for a different day. The job is terminated if

all three cards are zero. This is the format which is always used in calculating tidal currents.

Card LITS 26 this card may be used to call for a listing of the tidal currents at the reference station for

the period given in the Date Control Card. If this is desired a 1 is entered in column 1. If not a 0 is entered

in column 1. When using the model to calculate tidal currents a 0 is entered in the column.

Cards 26-29 are repeated for each additional time or position for which a tidal vector is needed.

Cards LITS 30 is the last Month List card it is always blank.

Card LITS 31 is the final Day Count and Station I.D. card.
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Card LITS 32 is the last position card. A latitude of 99 is entered in columns one and two. This signals

the end of the input data cards.

The last two cards in the deck are the job termination control cards used in the Coast Guard's CI)C

3300, they never change.

33

It

33



'*EF (0. L ITS. dKLYTMPF ,LITS.01, CrOU. 1)
$*E(0,, 1 vWKLYTMPF.L ITDU1, CGnU, i)

SMAP=N

SC0MO*L ITS
I' T1E 4aCE9 N.Y. T.m. 7S
-002S0 1 1 3 0 0 0 295 10(o
57A1 10308?485005232584007'4?,?donOl13040052l?5400170631
5781 2 10144P263 0004991971
5791 3 000222c01
9,7A1 4 00023079Si00031298~6
S741 5 000b70309 Ou086?7.?' 00142?580
S701 60006841495
1977 1103'3101hloonJ0O01o3S?7'43 -391 141107 f'036 R?? '711103U53 9231159
IQ77 2100f000001077' 2111039% ?c31000fl0001035?OA1035 968 S171265103535132
IQ77 310001Hi00 9701986 64?198f 1 1231.'2'1000?011 10002i05l0352582 65?1104
1977 4 4P2 92 A2???b321000 ?IulOOOllRO 82? 80710O34951035?i815415?7
1977 S1179 997 9561894 763207h1149 47110351014
1477 t)
19c7 7 7
1977 ol
P477 9
1977 10

1977 11
1977 12
1977 13
1977 14
1977 Iq
U1131020101

2 1
4116 7147
0001. 02,0 1.1477

4116 7147
001. 0?. 03, 1977

2)1
411,S 7147
0001.03,01.1977

1 1 LITS P7
9 r,

'MI



APPENDIX II

INSTRUCTIONS FOR RUNNING THE MODEL FOR SAN FRANCISCO BAY

The following small program is required to run the tidal current model for San Francisco Bay. The listing

is identical to the Long Island Sound program for all job control cards, but exhibits necessary changes for

program data and instructions.

The first six cards are called the job control cards. They will remain constant for every job run.

Card 1. Selects the reference tidal station and the time meridian longitude. It is always the same for

San Francisco Bay.

Card 2. Contains the permanent current indexing parameters and directions for San Francisco Bay'. The

format used is the same as that used in the program for Long Island Sound (See Instructions For Running

The Program For Long Island Sound Section).

Card 3-9. Are the station constants consisting of the amplitude and phase lag for each tidal forcing

fuanction at the reference station. The format is the same as that in the program for Long Island Sound.

Cards 9-23. Are the year constant cards. The format for these cards and method of determining these

constituents is outlined in the section giving instructions for running the model for Long Island Sound.

Card 24. Is the date control card. Its purpose is to set the month(s), start and stop day that tidal currents

are to be computed for. It has the same format as Card 24 for Long Island Sound (See Appendix I).

Card 25. Is the termination control card which is used to separate different reference stations and time

controlled calculations. The format for this card is given in the section giving instructions for the running

of the program for Long Isand Sound.

Card 26. Is the month list card. This card specifies that a listing of the times of slack water maximum

ebb and flood for the interval given on the date control card is to be printed. A one in column (1) causes

only a listing to be printed. A zero causes the program to calculate the tidal current at the position of
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Cards 25 and 26. Are used to consecutively run two or more differing tidal current information request

for information at reference stations. They are normally blank when being used in operational work.

Card 27. Is the station ID and Day count card. The format and use of this card is described in Appen-

dix 1.

Card 28. Is the position card specifying the geographic position where tidal current information is

required. The latitude is given to the nearest minute and the longitude to the nearest 0.25 minute. The

format is given in the section on Long Island Sound.

Card 29. Is the date time card. This card inputs the date time group of the occurrence. Its format is

given in the section on Long Island Sound.

The set of cards, 26-29. Are repeated for each additional time or position for which a tidal current

vector is needed.

Card 30. Is the last month list card and is placed at the end of all series of time and position cards. It is

always blank.

Card 31. Is the last day count and station JID card. It is formated the same as card 27.

Card 32. Is the final position card. A latitude of 99 degrees is always entered in columns 1 and 2. This

signals the end of the data end put cards.

The final two cards are the job termination control cards, and are formated as shown. These two

cards like the first six cards are always the same.
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APPENDIX ill

PRODUCTION OF THE TIDAL CURRENT FILES

The tidal current files are prepared using tidal current charts form the National Ocean Survey (NOS).

The most recent charts should be used in making these files. The charts are available from the National

Ocean Survey Office, Rockville, Maryland. The first step is the construction of a grid overlay for the tidal

current chart. These are either done using a template or drawn in with pencil so that the lines lie on whole

minutes of latitude and longitude.

A grid square measuring approximately 2 x 2 nautical miles has been found to work best. This grid size

corresponds to a 2' x 3' along much of the U.S. coast line. A tidal current speed and direction is assigned

to each grid square for the entire chart of currents. These values are either based on direction measure-

ments or from interpolation. When an interpolated value is required, the speed and direction of the currents

are assumed to change linearly with changes of equal value between each grid square. That is, if there are

5 blank grid squares between two observations, then the change from one block to the next will be 1/5

of the difference between thc two observations. The same is true for the directions. An example is given

below:

Observed Observed

2.0 knots 1.8 1.6 1.4 1.2 1.0 0.8
180 T 185 190 195 200 205 210

The current is always assumed to parallel the coast line unless observed to do otherwise. Upon completion

of each tidal chart the current values are transferred from the array set up to a computer listing with one

computer card for each grid square. The cards have the following format:

Line1-4 Th lattud indegres nd inuts fr te soth astcornr o th gri sqare

Line 1.4. The latitude in degrees and minutes for the south east corner of the grid square.

Line 11-14. The speed in 10th of knots and direction in 10a of degrees for slack water at the reference
station.



Line 16-19. The same as lines 11-14 for one hour after slack water at the reference station.

This sequence may be repeated for each interval of the tide up to 13 times. All multiples of 5 are to be

left as blanks.

A program is produced by copying LISND and changing only the five character name to the first

five characters in the name of the body of water being modeled.
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I*DEF(, ,WKLYTMPF.LISND,01oCGOII*OIJ01.A0 1O00,,,.841.16)
$%*EF(0, wKLYTMPF,LISN,0!,CGOU0)
$MAP=N

%VTNU(X)
PIQOqiAM LISND LgN0

DIMENSION CUW(i1000),MDI(1000)
INTEGEP CUP
INTEGFq MnIP
N=O

9n kE4l) (6093) LADLAM.LOD.LOM.(CUIP(I).MDIH(1)) I=,13).IAR
WQTTE(1.3) LAD.LA*.LODLOM,(CIP(I).MDIQ(I),I=1,13),IAO

3 FORMAT (I?.2.13T?1Xi13(I?1 1 ) .I?)
N=N+l

IF (Lfn, .FO. 94) GO TO ?00

G0 O TO 4( 0
200 wOTTT ((61.2"O)

wS0 FOPMAT (iH i*)ATA FO LONG ISLAND SOUND 0N DISC*)
W1,0TF (h1.3ci0) N

ISI FOPFAAT (1iH ,I , CAHDS kEDA*)

STOP
F '\ 11

4114 7127 o'13 0?q4 0828 of62k 00-28 0?? 0110 0309 0601 1004 0409 0104 0130
4116 7127 0127 06?8 0628 07?N 0727 04?q 0127 0308 0909 1009 0408 0509 030k
411R 7127 01'7 0h67 072k (727 07?h 0n?7 0127 u30c 0609 0509 0409 0409 0207
41?0 71?7 05?7 0628 0827 o?2 0629 0410 0114 U?09 014l6 0412 0410 0304 0230
41n6 7130 0324 10P8 1530 1830 n67 01?7 0216 0o19 1514 0121 0120 0120 0129
41n 7130 0lp 0000 01?5 03?3 n3?4 0124 02?3 0??4 02?4 02?3 0224 0174 0125
4110 7130 0433 0435 0434 0413 0?34 013' 0?17 0319 0317 0316 0216 0233 0220
4112 7130 0730 n830 0830 0630 0430 0130 0217 0417 0516 0416 0216 0230 05?Q
'114 7130 0?33 0 930 10?9 06? n629 0230 0110 0409 0906 l109 0806 0134 0433
4116 7130 0000 0628 10? 082H 0728 0428 01?7 0308 1208 1408 0908 05M 0504
4118 7130 0??eh 0627 07?' 0727 0728 or,7 012A 0309 0709 0609 0508 040Q 0?07
4120 7130 0473 n6?7 0828 0626 0423 0??' 0109 0311 0611 0409 0410 0309 0227
410A 7133 1030 ?0?9 1833 1930 10?9 04?7 0414 1017 2116 1418 0615 0219 032i
41nR 7133 0F?7 24?6 20?8 18?k 1026 0427 0118 0122 0?26 0118 0117 01?4 0527
4110 7133 021A 0?17 0000 0000 0333 0130 0000 0232 0000 0000 0215 0000 011f

4112 7133 0?1Q 0no 0000 0000 nOl 0c)01 0,Ol 0602 0401 0401 0401 0201 0220
4114 7133 O00n 0928 0930 09?t 0530 0330 0606 1006 1405 190b 1004 0801 0401
4116 7133 nO10 0830 1230 0930 07?f 0428 0127 0307 1408 1008 1408 1006 0507
4118 7133 02?6 05?7 0828 0826 0727 0526 0127 0308 0708 0608 1608 0408 007
41?0 7133 04?6 0626 0627 0626 0427 0126 0106 0407 0505 0408 0307 0107 0127
413A 7136 1030 1q30 2133 1733 1333 0430 0616 1916 2216 1q16 1215 0616 0625
41nA 7136 1730 2330 2330 2030 1330 030 0815 2016 2316 1816 1215 0215 0830
4110 7136 0333 0103 0500 0203 0000 0000 0419 0921 0220 0317 0620 01?2 0324
411? 7136 0127 0127 0000 b00O 0000 0no0 0126 0126 01?6 0126 0126 0126 0126
4114 7136 0000 0627 0627 0527 0627 01;8 0124 0307 0606 1407 0407 0704 0404
4116 7136 0000 04?8 0727 0828 0727 0527 0127 0208 0609 0708 0709 0507 0109
4114 7136 0226 0S26 0927 09?t 0826 0626 0126 0307 0608 0608 1108 0308 0308
412n 7136 0426 07?6 0625 0625 04?5 0225 0106 0306 0505 0406 0306 0106 0125
41n4 713Q 0000 0834 1534 1735 1434 063? 0000 1016 2116 2016 1715 1016 0918
4106 7139 o00n 1132 1932 1534 1434 0632 0000 1416 211b 2016 1614 101h 071P
4?08 7139 Ol1' 153l ?032 1033 1132 0530 000n 1515 2116 1914 1414 0714 0520
4110 7139 0000 0130 1030 0528 0630 04?9 0000 0915 1216 0815 0915 0615 0720
411? 7139 On0 012? 0327 058 n626 072?7 012A 0206 0.04 0616 0416 0413 0406
4114 7139 0000 0426 (626 0626 0726 (1427 0125 0307 0706 1107 0707 0705 0406
4116 713 on 02?b 0726 0826 n725 0926 0126 0?07 0608 0708 0707 0506 0OR

411R 7139 0426 0726 1026 1125 1024 0724 n?25 0206 0508 0508 0708 030A 0?04
4120 7114 0000 082508?' 06?' 062 0424 0106 0 05 0404 0404 0306 0205 0123



4J 04 fje o ou uU U(J4 J Jh I h ')14 h t0 1 13U lh16 ?I I b I 16 IMh 16 III 0 6

4136 7142 0000 0834 1536 1735 1436 0935 0000 1417 2116 2116 1814 1316 0716
4118 714? O00 0432 1032 1233 1033 0631 no00 1014 1613 2012 1512 1313 0813
4110 7142 0410 0130 0430 0728 n629 n428 nO00 0510 1010 1310 1310 1210 0910
4112 7142 0310 0228 0527 0727 n727 04?7 0126 0408 0906 1109 1208 1007 070A
4114 7142 0109 0426 0625 0825 0725 042h 0125 0?07 0806 0908 0906 0706 0407
4116 714? 0126 0524 0724 0824 0724 0425 0124 0206 0606 0706 0705 0506 030(
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4056 7318 0109 0311 0129 0728 0529 0277 0129 0308 0210 0908 0306 0709 0310
4098 7318 0104 0428 0728 1027 1028 0627 0128 0907 0908 1008 1009 0908 040,
4100 7318 0204 0125 0526 0724 0724 0426 0227 0706 0507 0807 0706 0606 0405
410? 7318 0106 0225 0625 0326 0725 0425 0226 0208 0406 0706 0407 0505 0206
4104 7314 01?7 0424 1024 0725 0725 0523 0225 0106 0407 0506 0407 0209 0207
4106 7318 0127 0425 1026 0626 0724 0623 0124 0108 0608 0507 0406 0106 0106
404 7321 0O00 0309 0209 0510 0309 0109 0000 0426 0524 1127 0927 122& 0626
4056 73?1 010q 0313 1130 1030 1032 0130 013? 0108 0 I0O 1110 0609 0010 041?
4o58 7321 020t) 0629 112P 1??8 14 qo28 0 l4O06 II0A 1R0A 1409 1307 00O
41Mn 7321 0304 02?6 0627 0927t nk25 0,2s n226 0206 0606 0406 0907 n#06 0501;
41 n; 7321 0107 0324 0524 01P7 0029 03P4 n 320 030b 0596 0806 0407 NOS5 O077



41u4 f l 1 ij iu o'ju w.34 o0tt b u e #,j P id+ e.. ).3 U4 0 0604 04UI 0104 n?l4
40-4 732' onno 0319 0519 061" 0c'le n'rU8 0119 0334 0502 1035 0600 0502 0201
4n-6 7374 1fn7 0318 1027 1026 1024 09?4 n120 0204 0804 1308 0604 1105 0706
46rR 7324 0?06 0429 1128 1624 1327 072H nl2 0606 1308 1508 1401 1307 0AO

41n0 7324 0305 0326 0626 0927 n92 0727 0226 0105 n705 1005 1007 0706 0604
4In2 7324 0??3 01?4 0129 0104 11?9 n404 0426 0404 0506 0606 0408 0223 0?07
4n4 73?7 0000 0313 0613 0000 0000 0412 Ol? 0?30 0430 0727 0926 06n6 04?6
4056 73?7 0505 0110 0628 10? 112b 0926 0327 0?26 0307 0906 1006 1010 0710
4A0n 7327 050 0125 1025 1026 1125 0726 0624 0?06 0708 1007 1006 0907 00A
41n 7327 05?b 025? 0925 09?6 0H25 0626 0424 012S 0706 0908 0508 0403 012?
4n054 7330 01n4 0309 0511 0127 ns12 0523 0119 0326 0205 0235 0430 0603 0404
4056 7330 0305 0106 0626 1126 1125 0724 0524 0?24 0406 0905 1006 0906 0706
4058 7330 0305 03?4 1024 1124 1024 0724 0424 0206 0906 0907 1006 0806 0706
41n0 7330 0333 0432 0924 0826 0924 0A23 0324 0811 0909 1008 0706 0706 0124
4n94 7333 0608 0507 0208 01?7 0'726 0626 0526 0326 0126 0206 0508 0706 070A
4056 7333 0?06 0??4 0724 0924 0P?3 0624 0324 0106 0106 0704 0806 0706 0504
40";R 7333 04n8 0109 0426 07P?' 826 072S 0526 0P5 0106 0608 0908 0907 0708
40594 7336 0?06 0000 0524 0724 0722 0521 0324 0127 0305 0406 0606 060S 0506
40S6 7336 0707 0000 0626 0926 092' 0725 0424 0125 0406 0704 0805 0706 0504
4058 7336 009 0112 0232 0530 0731 0630 0425 0131 0206 0606 0611 0809 071n
4057 7339 0706 0111 0318 0320 0322 0421 0323 0219 0100 0405 0204 0504 020?

4454 7339 005 0000 0224 n424 0423 0423 0324 0000 0205 0506 0606 0505 0405
40c;6 7339 0304 0000 062c; 0A25 n25 0725 0426 0125 0403 0704 0804 0704 0504
40C4 7342 0105 01?5 0524 0625 0624 0424 0224 0000 0306 0406 0407 0406 0206
4056 7342 0106 0124 0524 0427 0228 0233 0000 0000 0103 0408 0506 0408 030A
409.4 734S 0504 0105 (lO 0204 0124 n;24 t000 0000 0000 0000 0306 0206 010

$fODFF(Ce 9I1

S*rFF(4.wW'LYTMPF.LISNlni.Cr,(Ui)JoU0 ,,..,,I999gg9)
S*nFF(.,WKLYTMPFLISND,'11,CGOUOUOIUUSEI))
i



SJn8,GCOMP6P, I99?46'SE e*5
$SCHFD,C!)RE=40,TIE=ICLASS=C, l=l(f6),CP=2
%'DFF(R.,CGnU-TAMSANF. 01CGA4,DO01 ALL)
%*DFF(A,,CGntI)-TA.SANFR01,CGASDPO,8O, 1000..,,841*16)
$*nEF(OtoltCGOU-TAMoSANFR01,C(3ASO)
IRMAP=N

5FTNUJ(XL)
PROGRAM SANFRAN
DIMENSION CUR(OOO),MDIR(1O00)
INTEGFR CUR
INTEGER MDIP
N=0

50 READ(60,3) LADOLAMLOuLOM(CiuP(I),MOI(1),1=,1?2)qTAR
WRITE(1,3) LADLAMLOD.LOM,(C'IR(I)DI$4(1),1=1.1?).IAk

3 FORMAT (12,I2,1XI3,14,1X,1?(121?,lX),.5.I?)
N=N+I

IF (LOD .FO. 999) GO TO >60
GO TO r.0

P00 wRITF (61.250)
?90 FORMAT (IH **DATA FOR SAN FWANCISCO ON DISK FILE*)

WRITE (619350) N
Iq0 FORMAT (I .15, CARDS READ*)

WRITE(i,4)
4 FORMAT(SX93H999)

STOP
END

F I Ni I S
I X 9 L r,
373n 12205 332 1118 1714 118 151H 918 3P 1n32 I32 2n32 1732 103? 1
373? 12205 127 318 518 51S 41R P18 127 P27 427 5?? 427 2?7
3710 122075000312 1109 1709 1809 1509 909 3? 1032 1932 2032 1732 1032 1
3732 122075000233 614 914 914 814 514 133 c;33 933 1033 933 533 1
3714 122075n00134 418 61A b18 51 318 134 334 634 734 634 334 1
3736 122075000127 218 418 418 319 218 127 227 327 427 327 227
3730 12210 100 509 909 909 709 409 100 500 900 lO00 800 500 1
3732 12210 332 1114 1714 1814 1514 914 13P 1032 1832 2032 1732 1032 1
3734 12210) 132 414 614 614 514 314 114 332 632 732 632 332 1
3716 12210 132 314 414 514 414 214 132 232 432 532 432 332 1
3738 12210 132 318 41A 51M 418 ?18 132 332 432 532 432 332
3740 12210 134 PI 418 418 31q 218 13' 234 434 534 434 234
3742 12210 127 218 318 318 31R 218 127 227 327 427 327 227 1
3732 122125000100 "09 809 909 709 40q 100 500 900 1000 800 5O0 1
3734 122125000331 113 1713 1813 1613 913 131 1031 1A31 2031 1731 1031 1
3736 1221?5000232 614 914 914 814 514 132 c;32 932 1032 832 532 1
373A 122125000132 414 614 614 514 314 132 332 632 732 b32 332 1
3740 122125000132 314 514 414 314 214 132 332 432 532 332 232 1
374P 122125000127 312 412 512 41? P1 127 3?7 427 52? 427 227 1
3734 12?15 231 1109 1809 1909 1609 q09 131 1031 1631 1831 1631 931 1
3736 12215 232 1114 1714 1914 1614 q14 132 1032 1832 1932 1632 932 1
373R 12215 134 1016 1516 1416 1116 616 234 1134 1734 1834 1334 534 1
3740 12215 416 1116 1216 1016 616 116 334 1334 1534 1334 734 134 1
3742 12215 332 614 714 714 414 114 232 732 832 732 432 132 1

3744 12215 218 418 518 41 318 118 2?7 527 627 527 327 127 1
3A0? 12?1 29?7 1627 227 I105 2008 2305 2005 1?05 127 1627 2827 3227 I K,
3804 12215 2027 1027 127 811 1411 1611 1411 All 127 1027 1827 2127

3734 122175000130 509 909 1009 809 509 130 530 830 930 830 530 1
3736 1??175000132 1214 1914 2014 1614 814 13P 1232 193? 2032 1632 832 1
3738 12217500n134 1216 1916 2016 161A R16 234 1?34 IR34 2034 1634 834 1

3740 122175000216 1116 1616 1816 1416 716 334 1334 1434 1934 1534 734 1
3742 122175000216 IP16 1616 1516 1216 716 334 1334 1934 2134 1534 634 1
3744 122175000616 121b 1316 llb 716 116 434 1434 1634 1434 834 134 I
3746 122175000218 318 41A 318 219 119 227 127 327 327 227 127 1
3750 1221750001?7 200 200 100 100 0 127 327 327 327 227 127 1



J/s 1 1 itnouI , 111 8 18 h 18 118 1?1 127 227 3?T 2?f 2F7 1
3kno I??17Cn00827 427 127 4n0o 6On 600 400 200 127 5?7 827 10?7 1
3Qn2 1?21790D?525 1125 107 12n7 107 1907 1607 q07 ;25 1625 2625 2925 1
38n4 12?175nn1228 S28 110 610 910 1010 910 410 110 828 1228 1428 1
3h06 12?175000?27 118 218 218 31P 219 118 127 227 327 427 327 1
3734 122?0 0 109 209 219 20Q 109 0 100 200 200 200 i00 1
3736 12220 114 414 514 514 414 ?14 100 '00 300 600 500 300 1
3738 12220 216 •916 1016 916 hI 2)6 134 734 1234 1234 834 334
3740 12220 317 1017 1117 1017 717 317 235 A35 1335 1335 935 435 1
374? 12220 818 1218 1818 1718 1318 41A 500 1500 1900 1600 1100 600 1

3744 12220 417 1417 1917 1817 1317 737 935 1735 2135 2135 1735 735 1
3746 12220 316 1516 2016 1816 1516 1216 434 1534 2134 2234 1634 734 1
3748 12220 A18 1918 2018 1819 131A 51 834 2534 3134 3034 2134 734 1
3750 12P?0 409 709 809 609 409 109 327 827 1n27 827 527 127 
3752 12220 222 ?04 404 604 604 404 204 222 422 722 622 422 1
37S4 12220 127 118 218 218 219 11A 118 127 227 327 227 227 1
380O 1220 327 1?7 109 209 309 3n9 309 109 127 327 427 427 1
38n2 12220 2124 A24 306 1206 1706 1706 1306 606 224 1624 2424 2624 1
3804 12220 222 204 304 404 404 304 204 1?2 322 522 522 422 1
3M06 12220 220 102 202 302 30? 202 102 120 220 320 320 220 1
3808 12220 118 127 227 227 227 127 127 118 218 218 218 218 1
3734 122225000118 209 209 20q 10q 109 100 100 200 200 100 100 1
3740 122225000118 218 218 218 11A 11A 100 100 200 200 100 100 1
3742 12222500018 218 218 218 II 118 104 104 204 204 104 104 1
3744 1222?5001316 916 1016 1016 81; 116 S00 1100 2000 1000 1400 716 1
3746 122225000516 I116 1916 1411 916 116 900 Iq00 2200 2100 1500 500 1
3748 122225000514 1614 2114 1914 1414 614 73? 2132 2932 3032 2532 1232 1
3748 122237500209 1309 1609 1509 110Q 409 1030 2030 2530 2430 1830 930 1
3749 1222?5000514 1314 1414 1314 1114 514 53? 1532 2532 2832 1832 532 1

3749 12?237500412 1312 1512 1412 1017 312 630 1630 2430 2630 1730 630 1
3750 12?250006?2 604 1104 12n4 1104 604 63? 1222 1522 1622 1322 922 1
3792 122225n0418 300 700 1000 1000 700 400 418 1218 1418 1218 818
3754 1222?5001613 327 727 1027 1027 727 427 413 1213 1713 1613 1213 1
3758 1?2225000327 127 200 300 300 300 200 100 327 427 427 427 1

3800 122225002122 622 504 1304 1604 1504 1104 404 522 1722 2422 2622 1
380? 122225000420 302 702 802 80? 602 30? 120 720 1020 1020 820 1
3804 1?2225000418 400 800 900 800 700 400 118 818 1018 1018 818 1
3806 122225000418 400 800 900 800 700 400 118 818 1018 1018 818 1
3808 122225000418 0 0 0 n 0 0 118 818 1018 I18 818 1
3748 12225 309 1109 1309 1109 700 327 1027 2127 2427 2227 1627 727 1
374A 122262500209 909 909 609 30Q 427 1527 2327 2527 2327 1527 727 1
3749 12225 309 1309 1609 1509 110Q 409 1027 2127 2427 2227 1727 727 1
3749 1222625002P6 I08 ?608 2918 260A 17n8 526 2126 3226 3726 3126 1826 1
3750 12225 726 508 908 808 608 308 533 1726 2326 2626 2326 1726 1
37P0 122262500323 505 905 A05 605 305 533 1623 2323 2323 2023 1423 1
3751 12225 227 309 409 409 309 109 227 427 627 727 627 327 1
375I 122262%00103 1203 1903 2203 2003 1303 121 1021 1721 2021 1721 921 1
3752 12225 518 1004 1204 1204 904 404 418 1418 2118 2518 2318 1818 1
3754 12225 618 AG 1400 1800 1700 800 800 218 1218 1818 1718 1318 1
3756 12225 71A 200 1200 1800 2000 1600 900 P18 1518 1818 2018 1718 1
37%8 12225 2019 103 1203 2103 2301 2003 1203 P19 1919 3119 3419 301Q 1
380 12225 620 502 1102 1402 160? 1502 P02 320 I520 2020 2020 1820 1
3802 12225 620 502 1102 1402 1602 15n2 M02 320 1%20 2020 2020 1820 1
3804 12225 315 533 R33 933 833 733 433 315 915 915 915 815 1
3806 1?225 209 227 427 527 4?7 3?7 227 109 309 509 509 409 1
3747 122287501300 700 300 427 827 13P7 1327 1127 627 100 1400 1500 1
3749 122?75000209 909 909 609 309 32? 1627 2327 2527 2327 1627 727 1
3748 122287501024 1506 2806 3306 3006 19n6 124 1624 3724 4524 4124 2724 1
3749 122275000508 2708 3008 31n 250A 108 126 1026 1526 1426 1126 526 1
3749 122287500509 2?09 3009 3109 ?509 1409 124 1024 1524 1424 1124 524 1
3750 1?2275000306 1506 220b 2606 2206 1306 124 1024 1624 1624 1324 1024 1
3751 122275000135 435 435 415 23% 15 I19 414 519 519 319 119 1
3791 122287500100 100 100 100 100 100 109 109 109 109 109 109 1
37%2 122275000033 33 33 33 33 33 I18 218 21A ?18 218 1II 1

37,6 122275001218 100 800 12nO 1200 1000 500 21 1218 I188 2118 1618



31SH 12??f100U318 104 304 404 4()4 304 ?U4 11 .318 51h 618 h18 1
3AnO l?2?75n00415 4?7 827 1)?7 1127 I0P7 A27 315 11)15 1315 1315 1015 1
3802 122275100415 527 8?7 I0P7 11?7 1027 627 115 1015 1315 1115 1019 1
3A04 122P75000118 200 400 t00 400 300 ?00 11 418 41A 418 311 1
3AnA 122750004n9 27 27 27 ?7 27 27 209 709 1009 1109 609 1
3744 12230 400 900 1000 900 600 100 41A 1118 1318 1218 818 318 1
3746 IZ230 400 700 1000 9nO 600 100 422 1122 1322 1222 822 322 1
374R 12230 A?? 1404 2604 3104 204 1704 122 1522 3S22 4322 3922 2522 1
3748 122312500822 1404 2604 3104 2804 17n4 122 1522 3522 4322 3Q22 2522 1
3749 12230 70Q 209 627 117 1127 1nP7 427 427 527 209 909 1009 1
3749 1?23125n0712 1612 1812 1812 141? R1 11? 727 Q27 7?7 S27 127 1
3744 12232Sn00423 905 1605 1505 1105 ?n5 423 1323 2n23 2023 1723 1123 1
3746 122325000423 1005 1605 1505 110S 2n5 423 1323 2023 2023 1723 1123 1
?74A 122325000427 1409 2209 1709 130q 709 109 827 1027 72 327 127 1
3744 12235 1?1 R03 903 1003 803 603 214 1021 1721 l2l 1121 621 1
3746 12235 121 A03 903 1003 803 A03 212 1021 1721 1521 1121 721 }
374A 1235 121 403 903 1003 A03 503 21? 1021 1721 1521 1121 721 1

994

S%*EF(MwC'OU-TAMoSANFN,01.C4ASDPi)?9,.,,,TT99999)
SODFF(ReCGOIU-TAMSANFR01,CGASDPn2.IJNUSED)
9I



APPENDIX IV

LISTING OF LITSF

f49



sjnq9GcomPA?. 99jAFE,3, 1000
SSCHFDhCORE=4n.SCP=qTIMF=3,CLASS=C,841=1 (16)
S*DEF(9..i.CCU-TMLITSF,1)1.CGAkS.oPn0?ALL)
$*DEF(A..C~fU-TAM.LTTSF,01,C'GA8.DO02.12RO.400,..,8i4l,16)
s~OrFF(OW.LITS.CCOU..TAMLITSF,01.CGASO)

SF TNI (X =L ITS *L)
PROGRAM TIOALCUR LTS3F I
DIMENSION h137),A'4P(.37) ,EPOC(37).X(ODE(114),VPU(114),MO(13).SP(37),LTSF 2
ltRDAY(13) ,NEDAY(13) .ACOS(10?5) .SPO(37) .ANG(17) .TABHR(24) ,AKU(9S) , LTSF I
?ANG(37) ,9DAY(32) ,STONX (tllM) EXTI4A(78 0) ,JXTIM(?60) .VEL(.260) .9(37) * LTSF 4.
3EPOCt4C37),A.MPA(37).JJXTI(16),JSTIM(260). LTSF C;
41Yk~(15) .NUM(19;) ISTA(6) ,NU(b) .JJSTI (10) .XVEL(10) LTSF (I
COMM4ON YVEL(10)oJJJST(10) LTSF I
DATA TARHR/ - 24.9 7?0., 1342., 2136,o 2856., 3600O..LTSF A
1 41?0.. 5064., 'i08.% 6528,9 7P7?.. 7992..- 24.. 720., 1416*#LTSF 9
2 ?160., 29A0.. 3624., 4344.. 5nA9., r)832.. 6592., 7296., bnlb./LTSF 10
DATA A'(U/ 7*m, 7*69 7.6. 7.6, 7.7. 7.7, 7.8, 7.8, 7.RaLTSF 11

1 7.9. 7.9, 8.U9 8.0.o H.0 o n .1.I 8. 1, R. 1. o.2. 4.29 8.?, A.3, A.3*LTSF 1?
R? 8.4. 8.4. 8.4. 8.5. 8*5 H.S, 8.6. 8.6, 8.7, 8.7. 8.7, 8.8, R.SLTF~ 13
3 8*. 8.9. 8,9. 9.0. 4.0. 9.0. 9.1. * .1I. 9.2. 9.2, 9.?. 9.39 9.3eLTSF 14
4 9.3. 9.4. 9.4, 9.4. 9.9.; 9.5. 9.6/ LTSF 19q
DATA A/ 2A9941042, 30.0000000. 28.4397P95oLTSF 16
1 19.04j0696, 57,96420P4. 13.9430356, 86.95231?7. 44.025l729oLTSF 17
? 60.0000000. 57.4?38337, ?A.'31?58319 90.0000000# 27*968PO849LTSF 18
327.9939548.6. 1391017,?9.4556?93, 19.0000000.14.4966939. LTSF IQ
4 15.9i854433. 0.54437479 f.013;1371, 0.0410686. 1.015AQ58*LTSF 20
5 1,09R0331# 13*471514c* 11.39A6609. 29.99;89333. 30.0410667oLTSF 21
6 12.8542862. 14.95i9314o 31.01S8959. 43.47615639 29*52847899LTI;F ;?
7 42.9271398. 3n.04213739 115.9364169, 58.9441042/ LTSF 23
NND A Yn LTSF 74

C DEVELOP~ COSINE TABLE~ LTSF PS
H=.00153398 LTSF ?A
4=2Q-H*H LTSF ?7

MAPT=04 LTSF 2A
NAPTfl LTSF 2Q
00O 35 J=1.16 LTSF 30
fNART I='liART.1 LTSF 31
NAkT2=NAR(T+? LTSF 3?
PAQT=NART LTSF 33
PIA=PART, LTSF 34

PH*1I4~=P I A~t4 LTSF IS
XCOS (NAWT1I)=COS (PHI-4) LTSF 36
XCOS CNIAp4T?) COS (PHIH) LTSF 17
M'APTI1=tA9T-I LTSF 34
DO 30 )=NANT2.mARTI LTSF 19
XC0S(j,1*)=fk*JXCOS(J)-ACOS(J-1) LTSF 40

IMl CONTINUF LTSF 41
NART='A~IT LTSF 4?
MART=MART*64 LTSF 43

3% CONTINUE LTSF 44
KCOS(10?',)zo. LTSF 45
MS=1 LTSF 46

my~lLTSF 47
M9] LTSF 4A
C0N10?'./QO. L T SF 49
D0 40 J=107 LTSF 50
* (J) =A (J) *CON LTSF 51

90 CONT I'JE LTSF 52
m'(.0=0 LTSF 51

* 99 NSE (J= LTSF 54
1 IF 1 )~9 1200.1206110 LTSF 55

110 REAL) S50 LTSF S6



Pt4U J ' t w "mL 0 1 "IJ~L 1 0 1L -J I A L) i . 1 JI)4 9 . Jn0,0 I Nrl 9 1 K') 9N D N I HN L I s'.I f*

I AlAP (J) IEPOC (J) $J=Ro14) oT IT A(3) *NO( 3) 9 AP (J) 9FVOC (J) 9J=1I u?1) 9 LTSF LSQ
;1IST,4 (4) 9NO (4) * (AMP (j) ot.H'(j) .J . .ISTA (S) 9,'40(0) 9 (AMP (J) o LTSF 60
IEPfC(j),j=?qi).ISTA(5.,).NO(6).(AMP(J).EPOC(J),J=36.37) LTSF 61
00 115 L=19S LTSF 62
IF (ISTA(L) .NIE. ISTA(L*1)) GO TO 451 LTSF 61

l11, CONTINUE LTSF~ 64
TSTAI=ISTA (1) LTSF Aq'
DO I14 L1. 6 LTS;F 'f,

IF (NnCL) .NE. L) GO TO 4L') LTSF A 7
1Iq CONTINUE LTSF kA
120 IF (M4Y) 131,131 912; LT-,F s~9
125- READ 6;33. IYP(1),LY1,NIiM(1),CXOOE(J),VPJ(J)J1,4),IYRC2),LY2. LTSV 7n

INUMC(2).(XOnE(J),VPI.I(J)J=w16)IY(3)LY3NJM'(3),(XOOE(J),VPU(J),g LTSF 71

3NLI()(KODE(J,-VPLJJ),J=33940),TY'6)L6Nu9"U6,9XODE(J.OVPU(J.OLTSF 73
4J=4l,4R).TVP(7),LY7NIA-(7),(XOflE(J),VP(J(J)oJ=4Q,6),TYR(8).LYA, LTSF 74
SNUM(R),(XO)DE(J),VPIJ(J),J=57,64),IYP(9),LY9.NUM(9),cxoflF(J),vPuj(J),LT5F 71;,

TLY11,N.JM(11) *(XODE(J) ,'PIJ(J) .J=H *R.3) TY'9C1?) ,LYI?.NiJM(12) , LTSF 77
IR(XODE(J)VPO(),*J=R996),IYR(13),LY13,NUM(13).(XOD)E(J).VPU(J). LTSF 7A

1 LY15 oN1 IM ( I,) 9 (xor)E (j) o V1I (J) 9 J= 1 13.o114) LTSF A'n
n0 127 L=1914 LTcF k]
IF ( IYR (L) . NF. I Y04(L +)I GO TO) 4SP LTSF A ;

127 CONTINUE LTS6 P-4

DO 130 L=1.15 LT-F R"

IF (NIJM(L) eNF. L) GO TO 453 LTS- Rq
130 CONTINUE LT-4 8'

IYp0=MAO!(IYR(1 ) .00) LTSF 97
IYR1=IYR Ci) LTS;F kA

131 IF (,A!-) 160*1609140 tTqr PQ

140 READ S149 (M4OCJ),NHI)AY(J).NEDAYCj),j1.1?2) LTSF '4
C SET liP TAHLES F0OR NO-7EPO CONSTITUENTS LTS-F qj

NHDV=NWIAY ( I
M401=MO(1)
NEDY=NF)IYHC)

160 K=O LTSF 0'>
DO An 1=1.37 LTSV '4
IF (AMP(J) ) I1fC',9190 %170 L Tc~ 94

170 IK,1 LT- F 91,
AMPA (K) =AMPCd) *XO0E Cd) LTSF 9f,
TLMX.VPU (dl -tPOC Cd) LTSF 97
IF (TF' *GFo 0.) GO 70 171 LTqF 9Q

TLMX=TEMX+3-0. LT',F Q9
171 EPOCH(K)=TFmX*CON LTI.F 100

SPO (K) =A Cd) LTSV l.1
SPCK)=SPP(K)/10. .TSF 10?
S (K) =SPf1(K) /4', LTSV 103

1Ifl CONTINUE LTvF 104
NOCON=K LT' 105r

C OPERATING TA'4LES NOW sToRFO acZ AMPA(K).fP0CHl(K)oSPO(K) LTSF I06
flO 4000 jP=1912 LTSF 107
IF (tMfl(J)) 4005.400',,1c; LTSF lflR

IRS mOf13)=w((JP) LTSF 109
N8DAY (13)=f04DAY (JP) LTSF 110
NfDAY(13)=NLDAY(CJP) LTSF Ill
NAIEOAz'~EDAY (1 1) # I LTSF 11?
NODAY5SNE0AY Cl 3)-NADAY (1 )+? LTSF 113
NOI4RS=(NofAYS*?4 LTSF 114
IF (M0113) oNI~e 12) 60 TO 190O LTSF 115c
NOHS2NO'4R%+2 4 LTSF ip.

190 I*'SsN'O4RS LTSF 117

IF (LYl) -,0092009210 LTbt 119



?00 K=M.0 (I A) LI 1?20

(,() TO ?Ili LTSF 1?1

?1 =4 (1)41 LTSF 12P
NIq IUYN'HTF IT LTSF I?5

FIS T i 0 00 i LTSF 127
No COT=Fl'JE LTSFv ]25
r) 0 2( LTSF 12A

,;TOX(..)=O.LTqF 130

;)> COT PAU LTSF 12P

c ijoF (fO-lT=F-l +rT tP (K (4( T+PH( LTSF 1233

G0UNT= 1 LTSF 134

K3 DO =LY) L=.OO LTS 131
00 340 K=J.*%I"WT,EO((J LTSF 132

IF~ (Kojti .(IT.U ~ti).O4 1) P. ) LTSFv 133

?50 (UNTNJU LTSF 134

?31 O ?YO)I-IO LTSF 13S

J)M=(P(J)*F4S') -"(J) LTSF 131

?70 IF (AMG(J) 0.LT.40'0..) UT?.' LTSF 14?

PA (O TC,iJ)FA()'O' LTSF 13

C4O TO 240 LTSF 144

?Aro I)( O'Tr j='h r LTSF 140

3 Aflti-(JAR(,(J)?04M. ) 030.0 LTSF 141

370 IF (APG(J)3*LT.) 340. 0 To 1,4 LTSF 14?

30APG(j)=A46(J)-4 LTSF 143

(,0 TO ?740 LTSF 144

P'3 0 ", T [!J)4I w ~ ,j LTSP 145?

340 ) O 7 J=AN (J).1.S LTSF 156

STO )T n IF (A;4J(JV2S(NP) LTSF 14t

3 I T1 n IF LTSF 149

39?0 ANG 1(J) =A-4;- (J) J LTSF 156;

60; TO '44 LTSF I r,7

37f0 NP=ANr(J)+..5 LTSF 159

STORX(K)=STORA(K)+AM4PAJ)*ACOS(N4P) LTSF 150
67 0 O IN74 LTSF 15r1

91) A( (j =24 . -AO40 ()60T34 LTSF 1r6

rI( (T, 47o 1)U T P LTSF 163

36nANwSTJ=aRCST4M'-1 * LTSF 164
170NP=Nr(J)+. )LTSF 165

CHEC4XKSOiX () AIP()XON LTSF 1i 6

'474CON IK 1,11 LTSF 167

I (KNNH4)GO TO l31 LTSF 162

IF (K FoSUCeCIK) 0~ TO i) LTSF 169

3M CONT IIFjqTHqI LTSF [70

KTIF Tr4.E )6 O LTSF 171

CHO385K1.O(K LTSF 176

STOQ(TO.I) .~.i LTSF 10 3
GO1 TO 23 LTSF 174

79CSO=CHECSTON iK)(K1) LTSF 169

IF(G (, e1 -O TO 3qL; LTSF 171

IAI NE.F=O LTSF 177

3AI STORX(K)=SQRT(STORXCK)) LTSF 178

TV (NFF 9EI. 1) GO TO 34r, LTSF 179
ST0R(K)=TOHXK)*(1.10LISF IRO

3AS CONTINUE LTSF IAI

19S D0 40n K=1.NOm4HS LTSF lAP
57().? (K ) ccTON4X +P) I-HMC LTSF P43

400 CONTTNIIF LTSF R4

fiO TO (4 l~o401 .401 ) 9 PJI1 LTSF I14r



4 [11 K.J A~ Y~ (I) =M-41 A (IJ) L 1 3t- INA
N 0D A YS= NOF. A YS sI LTS1- 187
DO0 41n I=?.i4W)AY!S LTSF 1AA
K1 J1Y(Tf.IAY(I-I) +1 LTSF 1149

41n CONTINUE LTSF 14n
PWINT 550 LTSF 111
PRINT C;559 IYP1,MO(I3)C'SUMNFIP.NE)I LTS)F 10?
PRINT 5S6 LT-SF 193
PRINT 9379 (eDAY(I).ST R(41P)STq(4T2)STW(4TP~ LTSF 194
ISOX?*-0oTR(4T1)q)X2*-8*TR(4T1) LTSF Ig'n
2SOX2*-6*TR(4T1)9TR(411)SiQ(411) LTSF 196
3ST09X(?4*1-12) .KO)AY CI) ST0-,W(?4*I-11) ,STO-4(?4*1-10)) * LTSF 197
4SOX;41qoTP(410-SnXP*-)SOX?*-) LTSF 19A
9iSTOQX( (4*I-S) ,STOPX (94*I-4) .STO4X (,P4*I-3) STO'g( ?4*1-2) * LTSF 1009
6,STORX(24*1-1),S7ORX(24*1),1=.NIr)AYS) LTSF ?00

4114 IF (IMflI *EQ. 3) GO TO 4000 LTS 201
ITFmS=n LTI Ir POP
E.KTIM (11=4000. LTSw e0f3
K=1 LT'iF 2nl4
NST= L T 11; ?05~
NQD4RS=NOjHPS- 1 LTSP ?OA
IJO-:'=I LTq- ?n7

0)0 3000 I=I.,j0HRS LTSF )
C,O TO (1fl3P1405) eI j0"- LTSF e f) 14

103A 60~ TO (1039e2576.26?1.?64le?6b4)NqT LISF ?10
103Q TIME=NFIwST*ln LT'4 211
1040 Ni1=0 LTS,- 21?

NWH~-OA=I LTSF ;113
N4ARCz LTsr d14
GO TO 106nl LT,'w 21L,

N0, 0 =(FIP1 T1-2 0 I.T'F ? I

I nri9 NAQCIl LT-- ?I~
lflAO STOX'4=i. LTc-- ?IQ4

60 TO ( I07S* I100).1 411C L-T~f 22?
107r, DO l090 .)1.NOrC0N LISF 221

IF (N-iP .F0. 1) 60 TO 1f;7e, LT-,F ?PP
A6U=SP(J)*TA".FP~fJ1( j) LTSF ??3
GO TO 1IAQ LTsF 2?4

In7 AkSU='S(J) *TImFEPOCHi(.J1 LTSW ?PL
1flRQ AP(J) =A'401(AL),U0,. LTSF ?2(.

GO TO 1I?1) LTS;. ??k
1 0)10 111() j=1.'VocON LTSF ?2?2

11' (Nj 9*') 9 1 ) GO TO I P) 1 LTSv 23n

f4;O TO I V) c LTS 1,'r3?
1191 Awr1(J)=4wr,(J) .S(J) L I 'F 9133

I I nc IF (A~ry(W) *LT.9 4n6.) rG To 11 1 r LTSF 234

(if, TO 110r, LTSF ?36
1110 CONTINUE LTSfL ?37
1120) DO 1PP0 J=I*Nr)CON L T -F ;,3P

IF (Aw(i(J)-10)?4. I 11150*11 '0, 1130 LrSv 83(4
1130) IF (A'#G(J)-2U449) jj130.11P0*II40 LTSF 240
1140 IF CAQG(J)-1079.) 1190,911909110 LTSV 241
l1rfl Ak.,v(J)A"G(J) LTSF ?4?

Af0 To 1170 LT)F P41

1170 NPmANri(J)*.., LTSF ?49
STnxR=STflE.AMPA (jJI*C~jS (NP) LTSF ?4fi
60 TO 1?20 LTSF ?47

Il~f ANG(J)z?04'4.-AP6(j) LTSF ?'4A
GO TO 1200 LTSF t949

011"f lNtJW11tJK LTSF 25
IP00 NP2ANG(J)#,1.5 LTSF 251



1?)P CONTINPUE LTSF P53
IF (Tkir,4 NE 1) GO TO 1225 LTSF 2S4

STO'(P=STOxk*(-1.l) LTSF ?lr7
60O TO 1224 LTSF ?r.

-?'3 NK-F=1 LTSF P59
I ??4 STO)X'=SjT (STr'A) LTSF 26n

IF (NFF .EQ. 1) GO TO 12;)l) LTSF 261
STOXR=STOxH* (-1.0) LTSF ?62

IPPS STX=TX+~4 LTQF ?63
GO TO (2S0250b,21O.?70269,H4, 92?,?93,92715).WHOA LTS 264

?r0fl NwHOA=? LTSF ?61;
NAC7 LTSF P66
PI=STIXP? LTSF ?67
CO TO 10)60 LTSF 2659

?q'c' Njo~A=3 LTSF 269g
P?=STnR~ LTSF ?70
GU TO 106o LTqF 271

?r1fl P3=SToXP LTSF 27?
IF (Pl) ?51S,?520i25ci LTSF P73

P'19 IF (PP) 2530*2?535%2 ,7 LTSF 274
?'rfl IF (PP) 2';45,?')'0,2544 LTSF 27S

P929 IF (O ) 2602565%570? LTSF 276
2r,30 IF (PI-P2) ?b75*25R0.?P,85 LTSF ?77
?53q IF (PP-P3) ?b43v?595*?599 LTSF ?78
2;4 3 TlmE=T1mP+1. LTSF ?79
21;44 JSW-I LTSF 290

G;O TO 2731 LTSF ?RI
;?E;4S JSW=;' LTSF PAP

GO TO ?731 LTSF PA3
?c9fl IF (Pl) 2!Afl,'600.26 l9 LTSF -'94

?SA1 TIVPE=TIME,1. LTSF ?289
GO TO PS45 LTSF 286

?r,69 IF (PP-P3) ?b).6~~~1LTSF 287
257n IF (PI-P2) ?bI0926?5.?'2A( LTSF ?8
?97S .. Sl LTSF P$q

K., tjW =:)LTSF 29n
NtT=?LTSF 291

Jt OE=l LTSF 29?
?jc76 IF (STORXUl)) 257796399.2',3) LTSF 293
P2'77 IF (ST0PX(I)-STtjRX(I*1)) k999o?640*?640 LTSF 294
?$40 IF (P?-P3) Pf-6O,026009?S7O LTSF 29r
?c;AS IF- 2 ?7,.-)Th75?6SO LTSF 296
?SQ' JSW=;2 LTSF ?97

NSW=2LTSF ?9A
?c;9 TImE=(TIPE,1 .)*6.-3* LTSF ?99
?qg7 EXTP4(K)=4000. LTSF 300

E.XTIM(K.3)=4000. LTSF 301
SO TO 240? LTSF 30?

*?&010 TIIAE=TlmE,1. LTSF 303
6() TO 1040 LTSF 304

20?Afl JSW~1 LTSF 305
NSWZ1 LTSF 306
GO TO P?96 LTSF 307

*?Alfl I F (PP-STORY(7 1) ?69fl?1t~ A' LTSF 309
?'421 JSwm? LTSF 309

NST=3 LT5F 311
NFOE=2) LTSF 31?

*2A?j IF (STOW~ICl) 20)30s?#3(ls.?o?3 L.TSF 313
?4P'% IF Sf)xr-ltI) ?710.'?flO..999 LTSF 314
?6? IF (P?-03) ?hQ5*2f.009?70I LTSF 315
P6101 N*HOA=4 LTSF 316

(40 TO 10lifl LISF 31?



JSw=? LTSr 319
?641 E XT IM (K) =4000.* LTSF 320

EXT TM(K+3) =40(00. LTSF 3?1
?F)4? IF (Mn(13) *NF* 1) 6.0 TO 1050 LTSV 37?

IF (I .,NE. 1) 6U TO 10S0 LTS - 323
TImE=NFIRST*ln LTSP 3?4

GO TO 1055 LTSF 3;4.
P660 JSW=3 i'3 ?

NSW~l 1. TF 3;18
2A61 TImE=NFTR~ST*bf) t TSF 3?)

A~O TO 2q0? LTiP 33n
2670 )Sw=2 LT&~ 331

" SW =2 LTS P 33?
TI M F=NF I R f3T * b LTSF 333
630 TO '997 LTSF 314

2679 TImF=TIMF,?. LTS17 339
POINTi =0? LTSF 33A.
,jsw = 3 LTS;r 317
NSvdl LTF 33A4
NWH1OA=A LTSF 33c.
IJOH=4? LTSF 34f)
N8PAn LTSV -441
GO TO 3000 LT--F 34?

26An NwHOA=7 LTqv 343
JSW=3 LTSF 344
NSW=1 LTSF 34S
NST=4 LTSF -446

26PI1 I F ( S T () XC(I)-T P I + I F 4 2 0 42 2 9 9 LTS' -147
PAR? NWHOA='. LTSF 14A
26R~3 PUINT1',.TOXP LT% F 14Q

NA~r=?LTSF 35n1
T[ME=TImE,1 * LTSP 391
GO TO 106~0 LTSF 3S?

26Al4 IF (POINTI-STOXR) ?'900*26A6,274l LTSF 3c33
?A$15 JSW=1 LTSF 154

NiW I LTSF 359i
T Ik!=NF IPsT~hn LTSF 356
GO) TO P?997 LTSF 357

?(Aq6 OTINIE=TImE LTSF 35A
TimE=TImE*f..-.. LTSF 359
rO TO P402 LTSF 36n1

2A90) Nli.HOA=9 L TFF 3fN1
Jl:W=4 LTSF 36'

L TSF 363
NcST~ LTS --64

2691 IF (ST0NX(1)-qT09X(I.Ifl 29999?64?9264? LTSF 165
?A92 N~wHOA=A LTSF 30A6i

GO TO ?6R3 LTSF 367
?AQ3 IV7 (POINTI-STnXk) 274092,6692400 LT~r 3AR
2F.9r TIFAE=TIME.?. LTSF 369

POINTI =P2 LTSF 37n1
JSW=4LTSF 3171

NSW=2 LTSF 372
NwHOA=m LTSF 373

IJOM=' LTSF
N8~0LTSF ITS

GOi TO lo0on L T1; '17(,
P700 NwmOA=? LTSF 377

J%wal LTSF 37A
(70 TO ?641 LTSF 379

701- JSW=4 LTSF 39Al
NSW=2 LTSF 381

2710 NwMOA=4 LTSP 383



NAWC=;?LTSF 3R~i,
T114F=T1MF+. LTSF 38F
rf) To )*snh LTSF 38~7

P71 9 IF (cTr)XIR .00 O.) GO TO 270f LTSF 3R
630 TO (2?20?7?5).%IFO)F LTSV IA9

?7;)( IF (STOXW .(,To 0o) GO T ( 275z 5 LTSF 39#)
?7?1 T1MAE=TIMFl.' LTSF 39)

POI'JTI=STOXR LTSF 3q.7
G ( TO0 11) % LTSF 391

?7?c IF (STOE4 .LT. (J.) ,jO TO ?75S LP;F 394
110 TO ?T1 LTSIF 3Q5i

271,1 IF (NqR .EO* 1.) G0 To e T3 LTSF 396
2731 FXT1m(K)=TIML*b. LTSF 397

GO TO Pq9 LTSF 39A~
?73'i EXTIM(K)=T1ME LTSF '99

GO TO P941) LTSF 400
?140 TImE=TIMAE,). LTSF 41

POINTI=STOxw LTSF 4n?~
GO TO 10)60 LTSV 403

?7r~5 I (tN, Eot.o n) GO TO 270( LTi;F 404
M AP=(0 LTSF 40S
GO TO ?J73rN LTSF 4(l6

?7AO Nhw~l LT ,F 4n7
N 'iOA=& LTSF 4A

T1F(TT~-1.)*7, TSF 409
GO TO 105$ LTSF 411'

?Oqn) OTTM*E=T1'~"- L TS V 411
TTA=IA*--4 LTSF 41?

?pJ0P Am=0. LT-F' 413
00 ?99~0 L=1.7 LTSF 414
STOX=I. LTSF 415
IF (L GT, 1.) (30 TO ;?91'i LTSF 416
00 ?41n J=1.NOCUN LTSF 417
AkGLJ=S (J) *TIMEE'0CH1 J) LTSF 41A
APG(iJ)A%4OO(AQGIJ9404(.) LTSF 419

2Q10 CONINUE LTSF 420
Wl( TO P43fi LTSF 421

2Qlr, DO 2975 JzietMCON LTSF 4??
AwGc(J)=AR(;(J1 .S(J) LTSF 4?3

?Q?') IF (APG(J) ,LT. 4CP96.) Go TO ?925i LTSF 424
AkG(J)=R((J)-4049,. LTSF 42S
6O TO ?2o LTSF 426

?U4?c CONT I NIJ LTSF 427
2Q30 no ?950n Jz1.NOCON LTSF 4?A(

IF (AWCG(J) - 1024o) ?935o?935*;),3? LTSF 429
?03? IF (AWG(J) - ?04M.) ?43*?9'.3*2933 LTSF 430
?431 IF CARG(j) - 30720) 2944v294402940 LTSF '431
?Q35 ANrG(J)=AR6CJ) LTSF 432

GO To ?Q41 LTSF 411
?Q40 AN(J)=4046.-APG(j) LTSF 434
2Q41 NP=ANA(J)+1.5, LTSF 439

STfl~=5TOX+AmPA Cd)*X'C0% INP) LTSF 436
GO TO ?QS0 LTSF 437

?Q43 ANG(J)204A.-A(i(J) LTSF 43A
GO TO P445 LTSF 439

2444 ANG(J)=A*40(J)-?04m. LTSF 440
P949i NP=ANA(J)*1.5 LTSF 441

STOE=STOX-AMPA Cd) XC0S (N0) LTSF 44P
?Q4.9 CONTINUE LTSF 441

IF (IND4 *NFs 1) flO TO PQ55 LTSF 444
IF (STOEI) 2,)#295929!53 LTSF 445

2951 NEFFO LTSF 446
STOXsSTDO~(-I *) LTCFP 447

?#4% 04F R LTSF 444
00 TO pqb4 LTSF 44A



IF (NEF *E~o 1.) GO TO ?99;S LTSF 4r,1
ST0(=STOX( -i.) LTSF 45P

P995 STOX=STOXPENmC LTSF 453
IF (L .E). 1) SAVIT=STOX LTSF 454
GO TO (2960*295b)gNSW LTSF 45S

?996 IF (SAVIT AGE. STOX) GO T6. ?9An LTSF 496
GO TO 2962 LTSF 497

29'0 IF (SAVIT *LE* STOX) GO TO 29-in LTSF 458
296? SAVIT=STfOx LTSI 459

AtA=L-1 LTSF 460
?9qRO CONTINUE LTSF 461

EATI4 (K 1) =TIMF.Am LTSF 46P
EXTIM (K*?) =SAVIT LTS- 461
IF (K .FiQ* 1) GO TO 2990 LTSP 464
IF (ExTIM(K+l) .GT. FETIm(K-2)) 60 TO P?'YO LTSF 46S
TImEzOTI4E+. LTSF 466
POINTI =STOXP LTSF 4A7
60 TO 105c; LT;F 46A

2990 K=K+3 LTqr 46q
ITEmS=ITFMS*3 LTSF 4.7'

2995i GO TO (2640*26 40*257h-P26?,)*JS4 LTSF 47)
2Q99 IJO'R=l LTSF *72
3000 CONTIPME LTSF 471

IF (IP'fl5) 3081930A1.3uj7i LTSF 474
307si JITEM=ITE"S-3 LTSr 479

0O 3OA0 K=1.JITEM93 LT'-F 476~
IF (EXTIfA(K+?) .Gv. . 05) 60 TO 3fl~o LT'p- .77
IF (FXTIIA(K*?) .LE. -. n5) GO TO 305ft) LT 4 47A
EXTIM4(K )=4000. iT'F 479
EXTIM (o+3) =4000. LTSF 4AD

1PQ0 CON T INUE LT,~F '4kl
30R~I teY=ITFMS/3 LTSI 4F;;'

jfl LT9F 4ql
0O 31,)n K=19ITE.MS43 L-TF 4R4

FL=K LTSF -P5;
J=J* I LTC; 4RA
kAM II 'F 4817

IF (EXTP4(KL) r4K. 4900.) 6O TO 31n') LTSF 489
J4STII(J) =4000 LT,;F 449

GOQ TO 110AL LT; 49n
3101; JHPS=FxTm(L) LT;F 401

JL)AY=4OO (JHPS. 144P) LTSF 44?
JmR=JfAAY /6n LT'o' 4,j'4
j~ImOr~m)j (jolt Y .&,) LT',F 444
IF (v o Q. 1) '"0 TO 3110 LTSF 44S
JST14 U)=JHP*l 00*JMIN LTSF (96

310A6 KL=KL*1 LTS : 4'J?

GO TO 110c) LTSP 44I9
311n JXT1M(J)=JH"'O100+JMIN LTSV '00

VtL (J) =FXTIM (x,?) 1. TSF 60
IF (VFL(J)) 311593150o3lrin LTSV nnpl

3115 IF (VEL(J) *L . -. 05) 6O TO 3115a LT";F tfl3
VFL (J)=VEL C)*(-1 *) LTSF 504

315q) CONTINUE LTSF ifl
KKxKAY LTcSF "-06
IF (JP *EO. 1) (.O TO 317nk LTS- 11
IF (JXTIM(l1)-NSAV) 31",915S9310rI LTSF )AN4

31%P KaZKAY-1 LTSF ',AQ
DO 31%1 KO:I.KA LTSF S,10
JSTIO4(Kn)zJSTIPA(KO,1) LTF ',j
JXTIP4(KO)zJXTIM(Kn.1) LTSF 51?
VtL ('KO) VEL (KI1) LTSF 513

3t1" tOMT I tf ~.TSF S14
Gu TO 3170 LITS SIR



Go TO 317n LTTS 520
31A4 JSTIM(KK*l)=J5TIM(KK) -LIT 521

JXTP4(KK.1 :JXTIM(KK) LTTS 5P2
VEL (KK. ) =VFL IKK) LTTS 5?3

KK=KK-1LITS 5P4
IF (KK oPoe 0) GO TO 316S LTTS S55
GO TO 3160 LTTS SP6

3165 JST1I4(1)=&000 LITS 5P7
JXTIMCI )NSAV L7TS SPA~
VEL (1)=SAV LITS 5?9

3170 NDAY=NRUAYC13) LTTS 530
NCOUNT=O LITS 531
NNJ=1 LITS 53?

W~j LTTS 531
(O TO (317493174931754),IN02 LITS 5.14

3)74 PH!lhT 55fl LTTS 515
*PR~INT 55SIYN1,MO(13),CKUMNFlI~,NEODIW IS

PRIN*T 575 LITS 537
31794 IF (11105 E(3* 1) GO TO 3185 LITc 538

KAYK=KAY-1 LTTS 519
*00 3lqO J=1,KAY( LTTS 540

IF (VFL(J) .GTo o25) GO TO 31Rn LITS 541
IF (V97L(J) .LT9 -o25) GO0 70 31AO LTTS 542
JSTIM~(J)=40fl0 LITS 543
JSTIM(J+1)=4000 LTTS 544

31RO CONTINUE LITS 54S
3 1 Al IF (PIO(6) 320o3200*3186 LITS 546
3186 On 3193 I=IKAY LITS 547

I(VcL(I) .GF. 1?eQS) (O TO 31-41 LTTS 548
IF (VEL(I) eL!. -12.95) GO TO 314? LITS 549
IF ('YEL(l) .Lff. 7.55) GO TO 31S7 LITS 554
IF (VcL(I) .bT. -7.5S) G0 TO 313LTTS 550
T,'mP=VFL(J)4(-1.) LITS 55?
LPNIl LITS 553

31RQ7 TEP=PVFL(I) LT %

LPTO(18N=9P.P LITS 556
1R VEL (I):1U(N)*(4.) LYTS 557

rGO TO (3A93 90oP LITS 560
3qQ VEL(I)=AKU(N)*-. LTTS 561

60 TO 3143 LITS 560
31Q1 VtEL()=AK(N LITS 563

A (O TO 1193 LITS 564
3191 VEL(I):9.6 LTTS 565

3191 CONTIVIE LITS 566
3?0fl DO 33SO I=l*KAY LTTS 1;67

IF (JSTIki(1) *LT. 4000) GO TO 321S LITS 569
3210 IF (JXTIM(I) .()T. JXTI4(I121) GO TO 32150 LITS 56Q

JJSTI(K)=99(99 LTTS 570
JJXTI(K)=JXTIm(l) LITS 571
XVEL(K)zVFL(1) LMTS %7
6O TO 3310 LYTS 573

321c, IF (JXTIM(r) .L1e JSTIM(r)) GO To 3?10 LITS 574
IF (JXTI'4(I) 9GT@ JXTJ'4(7+1)) 4O TO 3?30 LTTS 575
JJSTI (K)=JSTIM(l) LITS 576
JJXTI(K)=JX7IM(I) LITS 577

*XVEL(K)=VEL(I) LITS h7A
* G0 TO 1310 LTTS 579

34 JJSTIIK)uJSTIm(I) LITS 580
JJXTI (K)=JXTIM(1) LITS 581
XVEL (K) zVEL (I) LITSP5?
IF (,ISTIM(141) oEQ. 4000) GO TO 3?6n LITS 5A3
IF (JXTIAI(l) ooto JSTIM(T#I)) GO TO 3P6) LITS 594



(3u 10 .4-10 L I IS tbM
3?Sl IF (J,;Tki4(I~l) .E(i. 4000) GO TO 374Sc LITS 5RA

IF (JXTIM(I) 67o. JSTP4(I)) GO TO 3290 LTTS 587
GO TO 329S LITS SAR

3?55 JJSTI(K)=9999 LYTS 599
JJXTI (K)=JATIM(I) LITS 540O
XVEL (K) =VEL (I) LITS S91

3260 NLAST=NNJ+NCOUNT LITS 592
GO TO (326493?h4,32h5).IN02 LTTS 593

3764 PRINT 585, NtAY,(JJSTI(J),JJXTI(J).XVEL(J),J=1.K) LITS 5q4
IF (IFLG .EO. 1) GO TO 7c;02 LITS 59S
li<'=l LITS ',96

7' n? DO 7500 L=1*5 LTTS -i97
JJJST(14C)=JJSTI (L) LITS 1.9R
YVEL (IRC) =XVEL (L) LITS 599
IiRC=IRC.1 LTTS h00

7500 CONTINUE LTTS 601
7S04 IILG=l LITS bO?

IF (INn? .EQe 1) GO TO 3275 LITS 6n3
3?65 JK=K.1 LIT% h04

no 3266 N=JKgR LYTS 60r,
JJSTI (NI=9999 LIT', 6n6
JJXTI (N=9999 LTTS 607
XVFL (N) =99.9 LITS 404s

3P66 CONTIN'UE LITS bn9
IF (IN03 *ECJ. 3) GO To 3?67 LITS bln
IF (INI)3 .Foe 1) GO TO 3?fs4 LTTS 611

3767 CONTINUE LTI' 612
3269 NSEQ=KISEQ,1 L!TS 613

IF (K .GT. 5 .ANn. IND;? .EQ. 3) 6O TO 1?89 LITS 6)4
3?75 NNJ=NLAST,1 LTTS 617;

NCOUNT=O L T TS ss ,1
K=] LITS Al?
NDAY="JDAV, LIT; hIR
NNflAY=NNDAY. 1 LITS 619
IF MNfAY .NE, NNEDA) GO TO 33'30 I-ITS 62n
IF (NIO(13) *Nro 12) GO TO 3287 LITS 621
IF (NOAY *NE* 3?) 60 TO IP? LITS 62?
PRINT 950 LTIS 6?3
PRINT 5659 IYPI91STAI LTTS 6?4
PHINT 'i80 LIT 6t?5
PRINT 5'85, NOAY,(JSTIM(J),JXTIM(J),VEL(J),J:NNJKAY) LTTS bP6

3287 NSAVS=JSTIM(I.1) LTTS N*27
NSAV=JXTIm(1*1) LITS 6PA

SAV=VFL(1#I) LT ?
60 TO 4000 LTTS 630

328A PIJNT 570 L7TS 631
NNLAS=NLAST.1 LTTS 63?
PRINT 595,ISTA1,MO(13),NOAYIYql.(JSTIM(J),JXTIM(J),VEL(J), LITS 633
I J=NNJ*NNLAS) LITS 634
GO TO 3P75 LITS 63S

3290 JJSTI(K)39999 LITS 616
JJXTI (K)=JxTIm(I) LITS 637
XVEL (K)=VEL (I) LITS 63A
GO TO 3260 LITS 634

3?95 JJSTI (K)=9999 LTTS 64A
JJXTI (K)zjxTIm(I) LITS 641
xvEL (00 zVEL (I1) LITS 6 4>

3300 KmK4I LITS 641
JJSTI (K)uJSTIm(I11 LITS b44
JJXTI (K)=9999 LITS 64%
XVEL (K) .99*9 LITS 646
GO TO 3260 LITS 647

3110 NCOUNTaNCOUNT.1 LITS 64A
A.R.L1M 6"~

3350 CONTINUE LITS 650



4 0 0 CUN I I .110t L I I 6'j1
40 nc, PEA) r;3 ,%MSsMVo4O L'TS 65?

IF (MS*'fM[*M) 4O2D9402ne71r LITS 651
4ql~n CALL SLACK (JJJSTYVELNN Y.NHD)Y.Mn.IY41,NE)Y) LITS 65&

IF(NN-'AY oNFo 0) 6O TO 4flO LITS 659
STnP' LTTS 6S6

4Sfl PkINT 501 LITS 6S7
STOP LTTS 6r8

451 PR~INT ';,2 LTTS 6SQ
ST OP LITS 660

49? PWINT qO3 LITS 661
S TOP LITS 66?

451 PWTAT 504 LITS 661
ST OP L!TS 664

q6I FORmAT(27H1 STATION CAkDS OUT OF URr)ER) LTTS 66S
r,02 FORMATC3IM4 STATION NUMrIEwc NOr CONSISTENT) LITS 666
r-03 FOP4AT(28H YEAR NUMH1FRS NOT CONSISTENT) LITS 667
5tA4 FORA4AT(24.H YEAR~ CARUS OUT OF ORDER) LITS 668
931 FORMAT(214,FS.3.F4.1,F5.l.F4.l.Fj.3,F4.lF5.3.F4.1 ,F5.3,F4.1, LITS 669

1FS,3sF4.19FS.3oF4.I) LITS 670
q3P FOkMAT(F6.3.61292I4,S49) LITS 671
c;33 FORMAT C 4.2I~,F4.3,F4. I q*4.3F4. IqF4.3.F4. 1 F4.3,F4. 1. LITS 672

IF4.3,F4.1,F4.3,F4.1,F4.3,F4.1.F4.3,F4.1) LITS 673
c534 FoPMAT(36j1?q8X) LITS 674
C;17 FOPMAT(Iq.lPF9,I) LITS 679
r 14 FOR'4AT(314) LITS 676
q5') FOP'4AT(ROH LITS 677

t LITS P TR
Rc5R FORMAT(/3?H PREDICTED TIDAL CURRENJT YEARoI5.8H MONTHI3*12H LITS 679

1 CHECKSUM*F12*7/17"I FLOOD DIRFCTION9,14,7H TRUE9*15X18HEH9 (-) OI~TS 6P0
PIPECTTON*,14#7H TRUE./?PH NOAA9 NATIONAL OCEAN SURVEY/) LYTS 6A1

556sf FOQMAT(?7H 40OLY VELOCITIES IN K'OTS/7XIIIHDAY HOURS HOURS LITq 68?
I 401;R% HnuPS HO)URS HOURS MOOIRS HOURS HOURS LITS 681
pl$OIPS MO0UpS HOUHS/14XI03HO/1? 1/13 2/14 3/1S LTTS 684
3 4/16 5/17 6/1)4 7/19 A120 9/21 10/22 11/LITS 69
423/) LITS 686.

S65 FOPMAT(/35i PREDICTIONS REGINNTNG DECEMBER 329*IS95X1OHSTA. NO* 9 LITS 687

114/) LITS 68A
=70 FORMAT(///23H TROUBLE DAY FOLLOWS / LITS 689
575 FOPMATeiXI1'SLACK MAXIMUM SLACK MAXIMUM SLACK MAXIMULITS 690

1W 45LACK MAXIMUM SLACK MAXIMUM SLACK MAXIMUM/,SXIIIHLITS 6Q1
;)WATER CUf4RFNT WATER CURRENT WATER CURRENT WATER LITS 69?
3CURRENT wATFR CURRENT WATER CURRENT/lIRH DAY TIME TIMELITS 691
4 VELOC TIME TIME VELOC TIME TIME VELOC TIME TIME VELOC LITS 694
STIME TIME VELOC TIME TIME VELOC/1BM H.M. N.M. KNOTS LITS 699

6,H.M. H.M. KNOTS HsMo HMe KNOTS H.M. H.M. KNOTS HoM. H.MLITS 696
7. KNOTS N.Me H.M. KNOTS) LTTS 697

S;AO FORMAT0119H DAY TIME TIME VELOC TIME TIME VELOC TIME TIME LITS 698
1 VELOC TIME TIME VELOC TIME TIME VELOC TIME TIME VELOC) LITS 69Q

R85 FORM4AT(lH0,13.6(Ib~l6,F7.2)/4X.6(16,16,F7.2)/4X,6(16,16.F7.2)) LITS 700
990 FORMAT(I?.I4.312,5(lI44F5.1) 13) LITS 701
S99; FflPMAT(15Si STA9 NO. s14910H MONTH 9120HN DAY 9Ie99 LITS 10P

1 YEAR *14//6X6(I6.16,F7.1)/6X6(16.16,F7.1)) LITS 703
ENDff LITS 704
SUPROeJTINE SLACK (JSLAKCEL.NNr)AY.N!0YMO.IVRINEDY) LITS 705,
DIMENSION CUR(12)eMDIR(l?),JHR(1O).JMIN(I0) LTTS 706
DIMENSION JSLAK(10)*CEL(I0) LITS 707
INTEGEFR nAYCONT LITS 70A

C CIJQ(1?) - CURRENT SPEEDS IN KNOTS AND LITS 709
C 401Q(12) - ASSOCIATED CUWMEtNT DIRECTIONS IN DEG'REES TRIIE FOR LITS 710
C I/ITH OF TIDAL CYCLE.b EACH FOR FAIR AND FLOOD* LITS 711
C AT DESIRED LOCATION IN POSITIO-i MhTRIx. LTTs T1P
C JSLAK(IO) - TIMES Or SLACK 4ATE4 (PrJNF TIME) FOR EITHFR ONE DR LITS 713
C TWO DAYS OF THF YEAR OPAss'Er', F;40.A MAIN PROGRAM) . LITS 714
C CI!L(l0) -CUPRENT SPFFDS IN KNOTS ASSOCIATED WITH TIMES OF MAXIMUM LITS 71R
C FLOW. LIT 716



C J-4w I 10) ANU Jt JMI U) -A-oHAyS ijbt) 11N CALCULA I TON UP NIJM~kW LIP HOURS L II s 717
C rlF OCCUPPFftCE -JEFUkF Om~ AFTFw CLOSEST SLACK vVATEq TTMF (JSLAK) LTT 718

READ (0 0s7q7) 4ONLIST LITS 71q
WE1AO (60O.747) DAYC0NT.IOTSC LITS 7?0

797 FOOMAT (11*1X%11) LTTS 7?1
IF(OAYCONTFQ.?) NvDY=NEnY LITS 7?'

C PFAO POSITION OF OCCU.RRENCE LTT . 723
IF (10ISC.Eo.]) (30 TO 41' LITS 7?4
PEAD(60*13) ILAD, ILAM, IL0hiIL') LITS 7?q;

11 ;:OR4AT (I?.I2o]X1~,3*4) LITq 7264
IF (ILAD F(4. 99) GO TO '44 LTTS 7P7
6O TO 40 AQ LTTS 7?9

41Q9 REAO(6094011) ILAD9ILAI4,ILOD9ILOM LITS 7?9
4011 FOkMAT ( I?. 1?13.12) LTTS 130

IF (ILAD oE0. 49) Go TO 04 LTTS 731
C READ TIME AND) DATE OF OCCURREFNCE LllT 732
4n0F9 PEAi)C10.1) Nmi&,AIN LITS 731

IFoPMAT(I?.I?) I-ITS 734
IF (MONLIST.EO0.1) GO TO 93 LTS 739
I T1EmH*00.NMIfN LITS 736
DC) A 'K=1.1 LITS 717
JJP (K) =JSLAK (K) /100 LTTS 71A

9 JMIN(K)JSLAK (K) -(J"-R(K) *100) LTTS 719
IF (LAYCONT*E(O.1) NINOAY=I LITS 74'1
IF(DAYCONT.Eoo;>) NNL)AY=R LITS 141
R=5*NK(flAY-4 LITS 74?

C OFTEPMINF TIME OF SLACK oATFP CLOSEST TO TIME OF OCCUkPENCE LITS 741
SIF (JSLAK(K).E .99994.PNU.r4TImE.GT.JSLAK(K.1)I GO TO k00 LITS 744
IF (NT!MF r-T. JSLaK(K) *AN")* N'TTMF .LT. JSLAK(K+1) eANI)* JSLAK LTTS 74L;

1 (K*l ) .*4F. 9999) (>O TO 7.10 LTT , 7464
IF (JqLAK(K) *EQ. 9Q49 ,AND. NTI'4E .LT. JSLAK(K+1)) ^-0 TO 700 LTTS 747
IF INTIME .G;E* JSLAK(K) .',NO.l JSLaK(K+1) .Fo. 9999) GO TO 700 LITS 748~
IF (NTIME G(T. JSLAK(K) .I)o J'SLAK(K,1) Eo. 0) C7O To 700 LITS 749
IF (JSL4%K(Kl.GT.NTImFl k:") TO 7qfi LTTS 7",n
r0 TO A(In LTTS- 7l 1

70') IF (JSL'.K(K).W~i.499, .O.JSLAK(K).GT.NTP4F) K=K-1 LTTS 75P
IF (JqLAK(K).FQ.0) K=K-1 LTTS 71;1
KKK=K Li-TS 754
KSLAK=JSLAK (K) /10n LYTS 71;5
XSLAK~wSLAK* fll* i'TT' 7S14
YSLAK=,lSLAK (K)-KSLAK LITS 7r-I7
ZSLAK=YSLA'K/hO. LITI, 11;9
TSLAK=SLAK*7qLAK LIT", 7,-9

IF (JqL.K(K+fl.t0.9Q9q) K=K*] L.ITi 7Afl
IF (JSLAK(K.1).tQ.fl GO TO 101 [.ITS 761 ~
KSLAKr.JSLAK (K,1) /1 A LTTN- 7AP

XLAK=K~SLAK* 1 ~f) LTTS 7A*4
YSLAK=.JSLAK (K.1) -XSL4K 75T 764
?SLAK=YSLAK/6n. L7TS 76-
TTSLAK=KSLAK+7 SLAi( LITS 766
IF (JSLAK(K+I).LT.JSLAK(K)) TTSLAI(=TTSLAK+?4. L7TS 7047

7Al? TSPAN=TTSLAP(-TSLAK LIT-; 7f8
rwo TO 71)3 L T TS; 7A9

'701 IF (JSLAK(K+?).Eu.99'.) (KK1 LITS 770
KSLAK=JSLAK(K+?( /100 LTTS 771
XSLAK=KSLAK*1 00. LIT% 77?
YSLAK=JSLAK((K.?) -XSLAK LITS 771
ZSLAK=YSLAK/s(, LTTS 774

T7SLAK:IKSLAK+?SLAK LITS 77rI
TTSLAX=TTSLAK*?4. LTTSN 776
GO TO 7n2 LITS 777

703 PERCL=TSPAN/A. L17%; 779
GO TO Po LITS, 779

AOO K=K.1 LITS 780
ift(.3T.d0tVt)-rI1)) 6§- Mf~ MIt!S 781

GO TO 9 LITS 782



?o 1NNIN/60 LIT 784'11

XNTI=N4P.xmTN LTTS 789
*IF (JSLAK(K).GTeNTIMF) XNTIr4E=XNTTMFE4?4. LTT, 78f,

H PAFT=XNTIMF-TSLAx LTTS 787
XJJI=HPAFT LITS 78A

C OFTENmINF FACTO0e IY #-IlCH- CUPRENT SPFFOS AT DESIfJED LOCATION ARE LITS 789
C TO HE. 4ULTIPLIFD TU GET ACTUJAL CURRENT LTTS 79n

IF CCFL(K).Fu.99.9) K=K.1 LTTS 191
IF (C97L(K).FU.o.) K=K.1 LTTS 7 c?
IF (CFL(K) *GT. 0.) GO TO 1?? LITS 193
IF CIICE.)GO TO SiOO LJTS, 794.

C COPPECTIONS FOP THE PACE LONG ISL4NO) SO'JND LTSc 79q
IF (AHS(CEL(tA)) .6F. 1.8 *AND. AHS(CEL(Ki) .LT, 2?) FAC= .5 LITS 796
IF (AR%(CEL(K)) oGE. P2 .ANO. AHS(CELV'i) .LTe P.6) FAC= .6 LlT 797
IF (AAS(CEL(K)) 96E. ?,6 *AND. AHS(CEL(K) .LT9 3.0) FAC= .7 LTTS 799
IF (AQ5(CFL(K)) .GE. 4.0 *AND. AtjS(CELCK)) .LT. 1.4) FAC= .8 LITS 799
IF (ARS(CEL(K), .(3E. 3.4 A,40. ABS(CEL(K)) .LT. 3.m) FAC= .9 LITS eOa
IF (ARS(CELCK)) oGE, 3.P3 AND. ASS(CEL(K)) .LT. 4.2) FAC1I. LITS Q01
IF (ARS(CEL(K)) .GE. 4.2 .AND. AH'SCCEL(1'l .LT. 4.6) FAC=1.1 LITI #02
IF (ARS(CEL(K)) .GF, 4,6 .AND* AaS(CEL(K)) .LT. 5.0) FAC=1.? LITS bn3
IF (ARS(CEL(K) .GE. b.0 *AND* AbS(CEL(K)) .LTe c;.4) FAC=1.3 LTTS 8n4
GO( TO 4 LITS 80r5

Cfl00 CONTINIUF LITS Bns#,
C CORRECTIONS FOP THE GOLDF14 GATE LTTS 807

IF (A S(CFL(IK).GTs0.0.AND. A!3S(CEL(K()).LT.A.7) FAC=0*0 LTTS $flA
IF (ARS(CEL(K)).GF.0q7.AN0. AESCEL(K))oLT.1.2) FAC=0.2 LITS kn9
IF (A.S(CEL(K)).GEolq?.AMDo ABSCCEL(K))9LT.l.6) FACO0.3 LITS 8i10
IF (A8F(CEL(K))eGF.1.6oANDo A~c(CEL(K)).LT.?.1) FAC=0*4 LTTS All
IF (A4S(CELCK)).GF.2.l.AK'0. A$'CCEL(K)).LT.?.5;) FAC=O.S LITS b!?
IF (ARS(CEL(K)).GE*2?.;.AKND. ARS(CEL(K)l.LT.3.0) FAC=0.6 LTTS 813
IF (A'"S(CEL(K)).GE.3.fl.AND. A'qS(CEL(K)).LT.1.4) FAC=0.7 LTTS 814
IF (APS(CEL(K())9GF93.4eA~f(O. A8q(CEL(K)).LT.3.9) FAC=0.8 LTTS $15
IF (AQS(CEL(K))*G,3.4.ANDa AHc,(CEL(K)).LT.4.3) FAC=0.9 LrTS 816
IF (ARS(CEL(K)).GF94e3.ANV.o 4q(CFLC()).LT.4.R) FAC=l.O LITS 817
IF (ARS(CFLKH'.bE.4.8.ANU. A$'(CEL(K)).LT.5.2) FAC=1.1 LITS telR
IF (ARS(CEL(K)).GF.5s?oANDo A8Sc(CEL(iQ).LT.S,.7) FAC=I.l LTTS A19
IF (ARS(CEL(p()).(,E.,.7.ANZ1. AtiS(CEL(K)).LT.F.J) FAC=1.3 LITS 820
IF CA9S(CEL(K)).G..f..Alo.ffD A8S(CEL(K))oLT.6,6) FAC=1.4 LITS 821
IF C CEC))G..,AL.AiSCCEL(K)LT.7.1) FAC=1.5 LITS 822
SOG TO 14 LITS 8?3

12? It; t OISC.E0.2) (.O TO 901 LIT$ 124
C COOPECTIONS FOP THE PACE LONG ISLAND SOUND LTTS 825

IF (AFS(CEL(K)) oGF. 1.? .AND. AdS(CEL(K)) .LTo 1,6) FAC= .4 LITS AR6
IF CARSCCEL(K)) oGE. Iab .AND. A8S(CEL(<)) .LT. 1.9) FAC .S LITS $27
IF (ARSCEL() oGE. 1.9 .AND. A6S(CEL(K)) .LTo 2,3) FAC= *6 LITS 8?8
IF CAHS(CEL(K)) 9GE, 2.3 .ANDo A6S(CEL(K)) .LT. 2.6) FAC= .7 LITS 829
IF (AHSCCELC'K)) G3E. ?.6, .ANO. AqSCCEL(K)) .LT. 2.9) FAC= RH LITS 830
IF (ARS(CEL(K)) .GE, 2,9 .AND, ABS(CEL(K)) .LT. 3.3) FACZ .9 LITS 93
IF (ARS(CEL(g)) eGE, 3.3 oANO. ABSCCELCK)) .LT. 3.6) FAC=1*0 LITS h3?
IF (ABS(CELCIKfl oGE. 3.b .AND. A9S(CEL('()) .LT. 4.D)) FAC=1.l LITS 833
IF (ARS(CEL(K)) o6E. 4.0 .AND. ABS(CEL(t')) *LTa 4.3) FAC=1.2 LITS "34
IF (A4S(CEL(K)) *GE, 4,3 .ANDo ABS(CELCK)) *LT. 4*6) FAC=1.3 LITS 835
GO TO 4 LTTS 836

RO1 CONTINUE LITS 837
C CORRECTIONS FOP' TriE 6OLDENJ GATE LITS 83A

IF CAk4SCEL(tK)).GTs0o0qANDs A3S(CEL(K))eLTo005) FACO0.0 LITS 839
IF (A4S(CEL(K))#GEfu.'4.AN1D AtiS(CEL(K))oLT.oo9) FAC=0..? LITS 40n
IF (A CCL(K))GE.j.'.AJD. A8SCCEL(K)).LT.1.?) FAC.0.3 LITS t441
IF (AkS(CFLCK))oGEo1.2.ANDs AHSCCEL(K))*LT*195) FACO0.4 LITS $42
IF (ARS(CELCIK))oGE.1.)',D& A4SCCELC'K))oLTsl.9) FAC=n.r, LITS 843
IF CAA5(CEL(K)).GEelo9aAND* A45CCEL(K))oLTo?.?) FAC=0*6 LITs 844
IF CAPqCCEL(,K)).(,Fs.?oANUs A8S(CEL(iK))oLTo~o5) FAC=n.7 LITS 84S
IF (AHS(CELIX))&GEo2e5eANIo. ARS(CEL(K))oLTo2.9) FACz0.A LITS 846
[F (ARS(CEL(Kfl.GE29AN'D. AdSCCEL(K))&LT.3o2) FACuO.9 LITS 847
IF (APSCCEL(fK))oGEe3o29ANDs At8S(CEL(K))LT3o53 FACai.r) LITS 848



IF (A~AS(CEL(K))o.C,3999AN~o AdS(CEL(K)).LT,4.2) FAC=l.? LITS 835n
IF (ARS(CEL(Kfl.CE94.?.ANV. AHS(CELCK)).LT.4.5) FAC=l.3 LITS 851
IF (ABS(CEL(K))oGE4S.AI0. ABS~(CEL(K)).LTs4.M) FAC=1.4 LITS 852
IF (ARSCCEL(K)).(3E.4.'k.ANO. A9S(CFL(K)).LT.5.2) FAC=1.5 LTTS 6~53

C FIND DESIRED LOCATION WIT CURR~ENT SPEEDS AND DIRECTIONS FOR LITS 814
C 12 H4OUR PERIOrD LITS 8'SS

14 READ(1l (3)LAr)*LAI4,LOD*LOM* (CUW( 1) .pMDIN(I) s 1=1 912) ,ITAR LYTS b~oA
103 FOPM4AT(I?.1I?l13,14IK1(F?.,121'K) ,SK.2) LYTTS h97

IF (Lnr *EQ* 999) G0 TO 93 LYTS M8,R
IF(37.EQ.ILAO)GO TO 104 LTTS 8c9

104 IF(ILA#4.GF.4k.ANDILAM.LE.50)GiO TO 10S (i-TS Hrn
'qO TO 114 LTTS e,,

10r, IF(ILOPm.GE.??5of.AND.ILO4.LT.3;)S0)(O TO 106 LITq 86?
GO TO 114 LTTS 861

10f, iLOM=LOP4,12, LTTS 86'.
KLAM=LAM. 1 L!TS, B6%
IF(LOr).EQ0.ILO0)GO TO 13hi LTTS 866
GO TO 14 LTTq 867

136 IF(ILflm.GE.LOM.ANO.TLO4.LT.KLOM)GO TO 137 LTTS 8iAR
GO TO 14 LTTq 8A9

137 IF(LAn.EQ.!LM~flGO TO 139 ITTS 87n
6O TO 14 LTT q 871

139 IF(ILAM.GE.LAt.ANDILA.LT.KLAM)0 TO ?5 LITS 8~72
GO TO 14 LTTS P71

114 LLOM=LOjm+?A LTSc 874
LLArA=LAM47 L T 7S 87s
IF(LOfl.EQ.TLOr))G0 TO 11h' LTTS 87A
S0 TO 14 LTTS 877

11-1 IF(ILOm.GF.LOM.ANfl.ILOM.LToLLOM)GO TO 117 LIT-, 879
G0 TO 14 LTTS 879

117 IF(LAD.EQ.ILADI GO TO 119 LIT$ b80
00 TO 14 ITS 881

11(a IF(ILAM.GE.LAM.AND.ILAM.LT.LLAM) GO TO ?c; L115 8A?
GO TO 14 LTTS 893

C FIND DESIRED LOCATION wITH- CURRENT SPEEDS AND DIkECTIONS FOR LITS 884
C 11 HOUR PERIOD IN LONG ISLAND SOUND'i LITS ARS

4 R4EAO(1.3)LADLAMLOD.LO-4.(CUP(I).MO)IR(1),Il.13).IAR LTTS 88A
3 FOQ'4AT(T2,I2,I3.I?.1X,13(F2.1.T2.1X) .12) LITS 887

IF(LOr).Er3.999B30 TO 91 LITS 89A
JLOM=LOM. 3 LITS 13A9
JLAM=LAM+? LYTS i~9n
IF (Lnn .EQ. ILOD) 6O TO hLTTS 491
GO TO 4 LIPl #49?

OA IF (ILOM .GEs LOM *ANOI. ILOM .LT. JLOM) GO TO 7 LTTS 491
S 0 TO 4 LTTI; 494

7 IF (LAO oEQ. ILAO) C7O TO 9 LTTS Ag9-
6O TO 4 LTTS og&

0 IF (ILAM .GE. LAM 9ANO. TLAM .LT. JLAM) GO TO 4025 LITS 897
GO TO 4 LIT% 89A

4nl25 WPITF (#61*40?A) LIT"; 499
40?6 FOR'AAT (lw0*lr3X9*CUNWENT SPEEDS FOR EACw- HOUR~ OF THE CURRENT*) LITS Qfl0

WPITE(A194n??) (CUR(I)oI=1913) LITS 4.A)
4n2?7 F(OR'.AT(1l13(F4192X)) LITS 90?

XJJIzWJJ1/PERCOL LTTS 901
xjj1~xjj1.q LITS '904
JJI1XJJI LYTS 9fl%
IF (CFL(8() .LT. 0.) L&O TO 4040 LITS 906~
IF (Jji *NF. fl) JJI=JJI*1 LITS 907
IF (JJI.GT.h) JJI=6 LTTS 9nQ
IF (jJ EVQ. n) JJIl LITS 9n9
IF (J5LAK(K)*F().9999) (GO TO 4099 LTTS 4~1n

IF (J4,LAK((K.1).EQ.999Q) AO( TO 4099LIS 1
4099 IF (CIOR(JJ1) .E(. 0.0) GO TO 10(l LITS 91?

NOI~MII' CJI) 10LI.7 914



404n~f JJ?=JJ1*7 LITS QIA
IF (J.Pe(T .13) JJ?=13 LTTS 917
IF (nP (JJ?) .tQ. 0.0) G() To Inn LITS 91Q
FCUR=CIJN (JJ?) *FAC LITS 919
NLJIR="nfL (J.J2) *10 LITS 920

&n* K'9 =KKK( LTTS 921
IF (IOISC.EO.2) 60 TO -? LTTS 9PP
wi4ITF(Al.4051) MOND*YINT4*SA()FU*DRIA*L~ LITS q?3
I ILOO. TLO'M.FAC LITS 924

*4n0~1 P0QvAT(lH0.3-t0N q12%1H/oI~o14/sI4q4H AT .14.".e WITH~ SLACK WATER ATLIT9 9'?5
I IT-F -)ACF AT "914.1t-',./9" THE CUkQFNT VELOCITY 113 P1F4.2910 LTTS Q?A
PH KNOTS AT *Ile* flEGtEfkS AT POSITION *.I1Vlygl2H~N.,I~l.3.1A,2.?LITS 927
3HW.* FACT(IP IS *.F3ol) LlTr 9?R
110 TO 03 LTTS 929

,45 w4ITF (61926) LITS 930
;? FOP'AAT (1H0q1S~,*CUkRE~qT SPEEOSr, FOR EACH HOiuR OF THE CURRENT*) LTTS 931

WRTTF ('11.'7) (C(p (I) *I=1 .12) LITS 91
P7 FOP"AT(1HO.1?(F4.1,?X)) LITS cill

XJJI=XJJ1/PFRCOL LITS 934
xjj1~yJJ1 .s LTTS 915
JJ I=K JJ 1 LTS 936
IF (rFL(K) .LT. 0.) GO TO 40 LITS 917
I F (JJI 1";P ) JJ1=JJIl' LITS 91A
IF (JJ1.GT.h) JJ1=f LITS 939
Ir (J,1l r~Th. 1) 'JI= LTTS 9qfl
if -,..(K 60.~9f , TO -4 LIS 941
IF (JSLAKCK+1)dEQ.94qQ) (-, TO Qq LTTS 94?

91) IF (CIP(,J) *F(J. 0.0) GO TO Inn LITS Q43
FCU1P=CU (JJj) *FAC LITS 944
N )TR='ADTR (JJ1) *10 LTTS 945i
f'v TO rio LITS 946

4A JJ?=JJ1+7 LTTS 947
IF (JJ?.r3T.j2) JJ2=l? LITS 94A
IF (CII'(JJ?) .EUo 0,0) Go TO 1nn LITS 949
FCUR=CL'4 (JJP)*FA LITS 9r0
NOIi?=APTtUJJ2) *f LTTS 951

sn K=KKK LTTS 95?
IF (IflTSC.FO.P) G~O TO '; LITS 953
WHITEOAI.51) "O.NHDY.TYRI.NT14F.JSLAK(K).FC(UP.NOTN.ILADILAM. LITS 954
I ILOO. ILOMoFIIC LTTS 95

Sil F0P'4AT(1H0o3HnN %I?.lH/.T?.lt1/qI44H AT 914.". WITH SLACK wATER ATLITS 956
1 THE 06CE AT ".1I4*IH../o" THE CJ'WFINT VELOCITY IS *',Fi.2*1O LYTS 957
PH KNOTS AT ell** OEGREES 4T PoqITION *.l2.1K.I?.?HN..1X,13.IX.12,2LTTS 9R
3NW.* rACTOO IS *.F3.1) LTTS 959
f6O TO 93 LITS 960

S? WPITE(61*53) MO.Nt4DY.IYRIoNTIMF.JSLAK(K).FCIJR.NDIRILAD.ILAM% LITS 961
lILOD. ILOM*FAC LTYS 96P

53 F04.MAT(1&.4o3HON o1291H-/I29lH/qI4%4H AT o14*9". WITH SLACK WATER ATLfTS 961
1 THE GOLDEN G3ATE AT 1's14*1Hsp/9'I THE CURRENT VELOCITY IS ",9F4.2.1OLYTS 964
?H KNOTS AT .13** OEGWEES AT P0qITION *.I?.IXql2.?HN..lx.I3.IX.I4.?LITS 965
3HW.* FACTOR IS *9F3.1) LITS 966%
6"0 TO 03 LITS 967

10') WRTTE(A1.101n) ILAL),ILA~oI.LOO.TLOm9NT'ME LTTS 968
101 FORMAT C1"n,*T"LkE IS NO CLJHRFNT AT POSITION *./o LITS 1469

lI3.1~.1?.?HN..1X.I3.IX141I-w.#* AT 0,14) LITS 970
93 RLWIND 1 LITS 971

94E URNLITS 97?
94 NNPAY =0 LITS 973

RETUIRN LTTS 974
F NO) LITS 97c%

S*nFF (C. .LITS)I
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